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Practical Aspects of Printing Telegraphy—lIII° 


An Inventor on the Difficulties to be Encountered and the Way to Overcome Them 


Ilr is the usual practice of telegraph administra 
tions to keep a record of each message sent out for 
delivery In some cases a note is made of the pre- 
amble and address In other cases a copy of the 
whole message is retained rhe custom of the British 
Post Office is to make a carbon copy of each message 
that is to be sent out for delivery, the original, or 
“top copy,” being kept by the Post Office for reference 
and the carbon copy being issued to the public. Whea 
messages are written out by hand from the Morse 
sounder or from Wheatstone tape the making of a 
carbon copy of each message is a simple matter. The 
great bulk of British telegrams are dealt with in 
this way, but the gradual introduction of typewriters 
and printing telegraphs is rendering a change neces- 
sary, because it is not practicable to make carbon 
copies of messages when a typewriter or printing tele 
graph is employed. The reasons are as follows: In 
all countries there are two classes of commercial mes 
sages. In Great Britain these are known as S and X 
messages. The S messages are those for delivery to 
the addresses. X messages are those passing through 
town B from town A to town CC, They are messages 
written down for retransmission over another circuit. 
These are not issued to the public and do not need to 
be copied. As much as half the traffic in large towns 
may consist of X messages 

In America wet press copies are taken of messages 
that go out to the public, and this method was pro- 
posed in London when the Murray automatic system 
was first started, in 1902, between London and Edin- 
burgh, but various objections were raised to it The 
Murray automatic printer could prepare from 12 to 
16 good carbon copies of messages, but the carbon 
copy method could not be used because it was not 
possible to tell whether an S or an X message was 
coming over the wire at a high speed, and there was 
not time to slip in carbon paper for one message and 
not for another. Bither all the messages would have 
to be carbon copied from a continuous roll or none 
at all Arranging for carbon copies from a contin 
uous roll was found to be very troublesome, expensive 
and impracticable. A variety of proposals were made 
One was to have the platen of the typewriter itself 
covered with a jacket of typewriter ribbon material 
and a roll of tissue paper feeding in. The message 
would then print on the ordinary forms and give a 
tissue copy inked from the back by the ribbon cover 
of the platen Investigation showed that this idea 
was not a good one 
with the carbon composition the backs of the message 


Another proposal was to blacken 


forms, and they would then themselves supply a fine 
earbon copy on paper behind them. What the public 
would have thought of telegraph messages smudged 
all over the back with dirty carbon pigment is easily 
imagined. That idea was abandoned. The whole of 
the possibilites were gone through most carefully, and 
finally it was decided that the best way was to ar- 
range for a “check-table” girl to make a written note 
of the preamble and address of all S messages that 
came over the Murray circuit. As this work only oc- 
cupied half the time of this operator, it was reckoned 
as the time of half an operator. Laboriously copying 
by hand at 15 words a minute with risk of error mes- 
sages printed by a machine automatically at 100 or 
more words a minute does not seem very sensible, but 
it was the best thing that could be done under the 
circumstances, and it has been adhered to until quite 
recently. On the Hughes circuits also a check girl 
notes for record the preamble and address of Hughes 
messages. One reason for this arrangement is a good 
illustration of the complexity of telegraph work. The 
girl at the check-table was advantageously employed 
for this work because she was a “circulation expert,” 
and, therefore, only copied S messages, her experience 
enabling her to tell at once which were S and which 
were X messages. For instance, “Silvergray, Lon- 
don,” has to be delivered at Silvertown. It is there- 
fore an X message and need not be copied in London. 
For part of Oxford Street, London, messages are de- 
livered by tube, and part needs a telegraphic retrans- 
mission. Operators do not know the tube . deliveries, 
but the circulation experts do. Of course, the whole 
of this trouble would disappear if the messages were 
press copied .in the delivery office, where there are no 
X messages. Another proposal was that as the Murray 
automatic printer printed the messages from a per- 
forated tape, any S messages should be printed .twice 
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by pulling back the tape and reprinting from it. This 
was tried and found to waste too much time. The 
only practicable method, therefore, is a wet-press copy- 
ing as done in America. There, a roller copier is 
used .driven by a small motor. This was tried in 
London, but various difficulties were met with. Damp 
ing the sheets of tissue and handling the damp tissues 
proved anything but successful in the rush of .tele- 
graphic work. At that time the elaborate roller press 
copiers now in commercial use had not been devel- 
oped.. A photographic roller enameller was tried and 
with a few alterations gave good results. Bunches of 
tissue paper were soaked in water, and then run 
through the rolls to press out superfluous water, . but 
the sheets were found to be so difficult to separate 
that much time was lost and the arrangement.was im 
practicable. Also the damp tissue had a tendency to 
stick and wrap itself round the rollers of the .copier. 
An American telegraph operator, who happened to be 
in London at the time, showed how it was .done in 
America. Blowing sharply with the mouth on the edge 
of the mass of damp tissues separated them .at the 
corners instantly, and enabled them to be pulled apart 
quickly. He also showed that 8 or 10 telegrams.could 
be copied simultaneously by piling them up inter- 
leaved with the damp tissue sheets, folding the bundle 
in half, and running it through the rollers. The fold- 
ing prevents the tissues sticking to the rollers and 
halves the time required to run through. In America, 
where the use of typewriters for telegraphic work is 
universal, the wet-press copying of S messages is done 
in the delivery office. This is simple and convenient; 
but when a new printing telegraph is being introduced 
in a country where messages are received by Morse 
sounder and written out with pencil and carbon ,paper, 
it is obvious that a press copying outfit cannot be in- 
stalled in the delivery office for the ,sake of a few 
hundred telegrams a day, out of many thousands. 
That would waste much time and labor. Copying must 
be done near the receiving ,mechanism of the circuit 
until typewriting or printing telegraphy comes into 
fairly general use in the large towns. Also the copy 
must go with the message to the delivery office. It 
could not, therefore, be taken on a press copier using 
a continuous roll of tissue paper. The damp-press 
copies would also have ,had to go with the messages 
rolled up in bundles, through the pneumatic tubes, and 
that would have been liable to cause trouble. To 
avoid this difficulty it ,was proposed to use alcohvol 
instead of water to damp the tissue paper, paper so 
damped giving an excellent copy from methyl-violet 
type-writing ink, and the alcohol dries ,quickly. The 
danger of fire, however, prohibited this idea. Under 
all the circumstances, copying the preamble and ad- 
dress by hand was the ,only thing possible. Recently 
the development of the modern press copier for com- 
mercial office use has brought the question up again. 
Rolls of tissue paper ,already damped with glycerine 
and water are obtainable, and these retain their slight 
dampness for a considerable time as the glycerine is 
hygroscopic. But these big press ,copying machines 
are useless in cases where the copying has to be done 
at the circuit. The cost of the copier for a single cir- 
cuit, the space occupied, the labor, and the delay in 
cutting up tissue into separate messages to accompany 
the originals make it useless. In the delivery depart- 
ment one of these modern press copiers is very suit- 
able, as ,all messages there are S messages and have 
to be copied, and one copier can handle the messages 
from many circuits. In America, before the introduc- 
tion of the typewriter for telegraph work, ,the pencil 
and carbon paper method still used in Great Britain 
was employed. With the Morse key and sounder and 
hand-written messages ,this plan is ideal, because the 
operator has ample time to slip in a sheet of carbon 
paper when necessary. With the introduction of the 
typewriter there was no longer time to slip in carbon 
paper for some messages and not for others, and 
there was too much waste in copying all messages in 
this way when only about half needed copying. The 
Americans being less embarrassed by imaginary ob- 
stacles, wet-press copying in the delivery office was 
established as a matter of course. 

In England another serious obstacle to the intro- 
duction of a rational method of copying telegrams was 
as follows: Some progressive officials in , London, 
greatly daring, urged that the “top copy” should be 
done away with. They said, “Abolish it. We have 
the message as handed in by the sender, and if the 


recipient has any complaint to make let him produce 
the received message. We can then compare the two 
copies and see what is wrong, and refund the 6d for 
the telegram if the Department is to blame.” The 
abolitionists, however, have not been able to overcome 
the scruples of the Auditor-General of the Post Office 
who for financial reasons has an elaborate system of 
checking the telegrams and the number of words paid 
for. The subject is really excessively complicated and 
it has been dealt with fully here because it is a good 
illustration of the difficulties that the printing tele. 
graph inventor has to face, subtle, invisible difficulties 
that even highly trained technical telegraph men do 
not themselves realize till they come up against them. 
Wet-press copying in the delivery office is rapid ana 
free from error, and it is the only practical method 
of copying messages when printing telegraphs are 
used and when only some (roughly about half) have 
to be copied; and in time it will be adopted in all 
cases where a telegraph administration finds it neces- 
sary to preserve a copy of messages sent out. 
S AND X MESSAGE FORMS. 

The distinction between S and X messages has al- 
ready been explained. X messages are well named be- 
cause they cross through city B from city A to city C. 
An X message in city B becomes an S message in 
city C, where it is to be delivered. Not only do these 
two different kinds of messages give trouble in con- 
nection with making copies, but they also give rise to 
a further obstacle so far as page-printing telegraphs 
are concerned. Practically all administrations have 
two kinds of telegraph forms or blanks for the two 
kinds of messages. In the case of printing telegraphs 
like the Hughes and Baudot, which print their mes. 
sages on a tape, the S & X message forms present no 
difficulty as the tape can be pasted on to either as 
may be required, and in any position. For instance, 
in France the piece of tape containing the address is 
pasted on the back of the message form, and in Ger- 
many in the middle at the top. Also in the case of 
the Morse key and sounder, it is an easy matter for 
the operator to select an S or X form as may be re- 
quired. In the case of a page-printing telegraph, how- 
ever, it is impossible to know whether an §S or an X 
message is coming over the line until the printing of 
the message starts, and then it is too late to chanze 
the form, and it would cause too much waste of labor 
if the sending station had to announce beforehand 
whether an S or an X message was being sent. The 
only way out of the difficulty in the case of a page- 
printing telegraph is to have one kind of form for 
both S and X messages. Administrations are reluctant 
to make changes like this in their established forms. 
In Great Britain also there are two different forms for 
inland and foreign telegrams, C forms in the case of 
foreign and B forms in the case of inland messages. 
The same difficulty arises here also, and one form has 
to be used for both. Those who are sufficiently inter- 
ested in the matter will find at the left-hand top corner 
of page-printed telegrams that they may receive in 
Great Britain the letters C or B, meaning that the 
form is to be used for either inland or foreign tele- 
grams. When the Murray automatic page-printing tele 
graph was brought from New York to London in 1901, 
the British Post Office had to prepare a special tele- 
graph form for it combining the S and X and the © 
and B forms, and to make it distinctive the heading 
was printed in green ink. A special form had to be 
adopted for it in Germany and other countries also for 
the same reason. Fortunately the advantages of page 
printing are more than sufficient to counterbalance this 
initial inconvenience. 

NUMBERING MESSAGES. 

There are other difficulties that are confined to one 
administration. For instance, in America and on the 
Continent or Europe it is customary to number each 
message consecutively. The receiving operator can 
then tick off the messages on the number sheet as he 
receives them. A missing message is noticed at once. 
The British post office used to employ numbers for 
messages, but eventually abolished numbering as it 
was found not to be absolutely necessary with the 
Morse key and sounder. Numbering was also abol- 
ished in the case of the Wheatstone. Instead, the 
“name to” of messages was written on slips kept for 
the purpose. This seemed unnecessary, and the mes 
sages were then run in batches of no definite number, 
and the “received” signal to the distant office was 
“R D batch” (received batch) at the conclusion. This 
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loose practice has now been modified, and a 
record again kept of each name and acknowledg- 
ments are sent in bulk. This means waste of time, 
put the numbering wastes line time, which is worse, 
especially when the line is in bad condition and there 
is no ed margin. Numbering messages involves a 
wast about 214, per cent in line-time and labor, 
very signal costs money in telegraphy the 


rathe! 


and a 

tende! is to omit all unnecessary signals. Whether 
consecu numbers on telegrams are necessary ap- 
pears an open question. Certainly numbering is 
a safeguard against messages being lost—an accident 
that happens occasionally in all telegraph offices 
Hence when the Murray automatic system was intro- 


duced into the British telegraph service it was con- 
sidered desirable by the officials to resume the num- 
bering of messages on the Murray circuit. This is a 
small matter, but it involved a certain amount of 
change of routine, and in a big department a change of 
routine is a matter of difficulty. It certainly is to 
the credit of the British and other telegraph admin- 
istrations that they have shown such willingness to 
make these and other considerable changes to accom- 
modate the Murray and other printing telegraphs. The 
experience of the writer is that the real conservatives 
are no! the official heads but the operators, who often 
show extraordinary reluctance to accept change of 
routine. In fact, that is one of the minor obstacles 
to the introduction of printing telegraphs. Of neces- 
sity, in the case of a new machine of this kind, im- 
provements suggest themselves after months of prac- 
tical experience; but by that time the operators have 
become accustomed to working the machine, and over 
and over again the writer has been told that improve- 
ments he had made were changes for the worse and 
that “the old machine was much better.” It takes 
weeks before an improvement gives satisfaction to all. 
COUNTING WORDS IN TELEGKAMS. 

Following upon the numbering of telegrams comes 
the numbering of words in telegrams. This is a serious 
matter, causing much waste of time and labor. It is 
1 burden from which the telephone is free because the 
telephone charges by time and not by the number of 
words. Charging by the number of words is a very 
defective system, but it is difficult to say what better 
arrangement could be adopted. As long as word- 
counting remains in force it will be one of the hind- 
rances to any considerable saving of labor by printing 
telegraphy. The number of words in the message is 
sent in the preamble, and it is the duty of the receiv- 
ing operator to count the number of words in the 
received message to see that it agrees with the num- 
ber in the preamble. If it does not it is a case of 
“wrong number.” Suppose the preamble gives 14 
words and the receiving operator can only count 13. 
He telegraphs back the recognized British inquiry siz- 
nal “RQ” and adds “13 w.” The operator at the 
sending station then repeats the first letter of each 
word in the message until the missing or superfluous 
word is found. This is a specially easy and quick 
process with the Morse key and sounder, but it is 
not so quick with any printing telegraph because talk 
ing back and forward is not so quick as with the 
Morse key. Counting the number of words in a mes- 
sage is a valuable check on the accuracy of trans- 
mission. Also the administration is bound to trans- 
mit the number of words that have been paid for: 
but the waste of time and labor on counting words is 
very considerable. In telegraphy “wrong number” is 
one of the most frequent “RQs,” and, in fact, when 
the apparatus and line are working well there is hard- 
ly any other. Often 60 or more messages will go 
through without a single correction or inquiry except 
on account of “wrong number.” Probably in more 
than half of these cases the message has been cor- 
rectly transmitted, but the number of words has been 
wrongly counted at the sending or at the receiving 
Station, and an agreement has to be reached on this 
It seems 
an easy matter to count the number of words in a 
telegram, but in reality it is quite difficult and re- 
quires experience, and it makes the task of the re- 
ceiving operator distinctly responsible. Not only may 
the sending and receiving operator count the number 
of words wrongly, but they may differ in their meth- 
ods of counting. There are a very large number of 
words that may be described as more or less Siamese 
twins. You can call them one or two as you please. 
There are many official regulations on the subject. 
“Fishmerchant” is sometimes counted as one word 
and sometimes as two. The receiving operator has to 
ask sometimes how it has been counted. There are 
two Ashursts in England, and to distinguish the sec- 
ond one it is known as “Ashurst Hants,” and this 
counts as one word equally with “Ashurst.” There 
are hundreds of similar cases all over the world. Also 
there are many new Siamese twin words born almost 
every day, and lists of words to be counted as one or 
as two are issued from time to time. “Motor spirit” 
is counted as one word. 


point before the message can be passed on. 


The German word “Sago- 


mehl” (sagomeal) is reckoned as one word in Ger- 
many but as two words in England. “OHMS,” the con- 
traction for “On His Majesty's Service,” is counted 
as four words if in capital letters; but when printed 
in small letters, thus “ohms,” it is the unit of electri- 
cal resistance and is one word. Printing telegraphs, 
however, usually employ capital letters and figures 
only. The words would then go in capital letters 
OHMS. On the other hand, in Germany smal! letters 
and figures only are used in telegrams, and the con- 
traction for “On His Majesty’s Service” would then 
appear as “ohms.” This is not the only puzzle in 
counting words. According to the regulations of the 
British post office: 


“Already” is one word, 
“Alright” is two words. 


“Errands” is one word, 
“Erands” (contraction for East Rands) is two words. 


“Blackbird” is one word, 
“Whitebird” is two words. 


“Threehalfpence” is one word, 
“Three hundred” is two words 


“Motorbus” is one word, 


“Motordriver” is two words. 


“Motorboat” is one word, 
“Motorlaunch” is two words. 


“STCATHERINESONTARIO” is one word, 
“PRESSASSN” is two words. 


It is only fair to say that similar anomalies are 
to be found in the case of all telegraph administra- 
tions. They certainly do not smooth the path of the 


printing telegraph inventor. 
ERRORS IN TELEGRAMS. 

Apart difficulties, the 
trouble a printing telegraph system has to face is 
The sender. of a telegram may 
make a mistake, or his handwriting may be bad. The 
operator who transmits a telegram may make a mis- 
take. The sending apparatus may cause an error. 
Disturbances on the telegraph line, stray currents, 
inductive interference, men repairing the line, wind 
and weather, may all introduce errors into a telegram 
The receiving apparatus may cause a mistake. The 
receiving operator may not notice the mistake and 
the message may go on for retransmission to another 
town. The retransmitting operator may make a mis- 
take, and the chain of points where errors may occur 
are repeated with each retransmission. Considering 
the possibilities, it is remarkable how few errors actu- 
ally occur in telegrams. 

In an ordinary message nine errors out of ten in 
words are sufficiently obvious to induce the receiving 
operator to ask the transmitting station for confirma- 
tion or correction. With figures, on the other hand, 
the context is no guide, and a mistake in figures is 
not detectable by inspection. In cipher messages con- 
taining groups of figures, the code maker’s practice 
of adding up each group of figures and telegraphing 
the total as a check can be followed. This plan has 
the advantage that the check signal is brief, but it does 
not guard against horizontal transposition of the fig- 
ures unless the adding is done vertically. Assume, for 
instance, that the message contains the figures 
271 27 17 6. Adding up these figures horizontally 
gives 39, which again gives 12, which finally gives 
2. Obviously any transposition of these figures will 
make no difference in the total, and the error of 
transposition is very common. Addition guards against 
a wrong figure, but it does not guard against two 
wrong figures cancelling each other’s error so as to 
give a correct total—7 and 3, for instance, instead 
of 6 and 4. The chances against this are large, but 
it is possible. Also it does not guard against a wrong 
figure and a wrong addition neutralizing the wrong 
figure. The chance of this, however, is very small. 
Adding the figures vertically we get 

23 + 3714+ 274+-17+ 6— 444. 

Any horizontal transposition will show at once in 
this total. Further additions, however, will give the 
same total 3 as before. That is to say, three 4’s are 
12, and 1 and 2 are 3. The figures can be transposed 
in any possible way vertically or horizontally, and the 
total will always be three. As a check for a few fig- 
ures addition is of little value, but for long cipher 
messages it is a useful though not infallible check. 

Repeating the figures is a check always used in 
the British telegraph service with the Morse key and 
sounder, but this also is not a perfect check, because 
the human mind is so liable to fall into habits; and 
if an operator sends a wrong figure he is very liable 
to repeat his mistake when repeating the figures at 
the end of the message. Also if an operator receives 
wrongly the error is liable to go unnoticed in spite 
of repetition, especially 3 for 4 or 4 for 3 in Morse, 


from these most serious 


errors in telegrams. 
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these Morse figure signals, when repeated, differing 
only by a single dot, thus: 

3 - - 

i. nason oe ey eens 


With keyboard sending there is the additional risk 
that some defect may develop in the instrument, 
causing a particular figure to miss occasionally, and 
repetition of the figure will be liable to repeat the 
error. The human failing is thus paralleled by the 
machine. This rarely happens with any of the good 
modern keyboard instruments for sending, but the 
possibility is there. A figure check that is practically 
perfect was suggested by Mr. W. A. Hatfield, a member 
of the British Post Office engineering staff. It consists 
in the repetition of figures that occur in the address 
and text of the message as letters at the end of the 
message—thus: a—1, b—=2, c=3, ete. This is taken 
from the British telegraph clock code time, in which 
a=1 o'clock, b}=2 o’clock, and so on. This code 
is well known to the British telegraph operatora. 
Hence its use as a figure check in the British tele- 
graph service is very easy. In any case it is not diffi- 
cult to learn. It will be noticed that different keys 
are employed to repeat. This guards against an error 
due to a defect in one figure key being repeated, and 
it also prevents the operator repeating an error through 
habit. The arrangement was adopted with the Mur- 
ray automatic system, the figures being repeated as 
letters in a separate line at the bottom of the message. 
This reduces the output of messages, probably by about 
10 per cent, but it is an admirable safeguard, particu- 
larly in the early stages of a printing telegraph system 
before all the mechanical troubles have been overcome. 
When cipher messages consisting of groups of figures 
are being transmitted, the repetition of figures as let- 
ters is cumbersome, and transmission at the end of 
the message of the sum of each group of figures wouid 
probably be the best check. Up to the present the 
code makers are the only people who have availed 
themselves of this plan. 

The great majority of the small errors made on 
keyboards are transpositions of letters, such as “aer’ 
for “are.” Some of these transpositions are rather 
puzzling. For instance, “Sne dat once” needs a mo- 
ment’s thought to see that it should read “Send at 
once.” This was an actual mistake, and it is interest- 
ing because it is a case of double transposition, e and 
n being transposed and then the space and d. 
Double transpositions are not uncommon. When the 
mind stumbles it often stumbles again in trying to 
recover itself. Other errors of this kind that have 
actually occurred are “Engaldn” for “England” and 
“Motnsh” for “Months.” Transposing is a common 
error also in writing. It is not confined to type- 
writing. 

It is necessary for the operator to have considerable 
experience of telegraph messages to perceive mistakes. 
For instance, “fmcht” is clearly a mistake to any 
one not acquainted with the subject, but it happens 
to be the customary contraction for “fishmerchant.” A 
good example of the care and discretion necessary in 
checking received telegrams is as follows. One day 
a telegram came through something like this: “Buy 
100 tintos for ries.” Apparently the sending operator 
had fallen into the usual error of transposing. He 
had mixed the e and the s, and the telegram should 
have read, “Buy 100 tintos for rise.” Fortunately the 
receiving operator asked the sending operator whether 
“ries” was right, and it was. That telegram came 
through without error, but it involved delay and 
inquiry. There are many such telegrams, and they 
materially reduce the number of messages that an 
operator can handle per hour, and thereby increase 
the cost of telegraphy to the general public. On the 
telephone there would have been no doubt about that 
message and no delay. If telegraphy was straight- 
ahead routine work in a steady, continuous stream 
all day, without any need for headwork on the part 
of the operator, telegrams would only cost a quarter 
of what they do now, and the printing telegraph in- 
ventor would have an easy task. 

Another fertile source of errors in telegrams is 
careless and indistinct handwriting on the part of the 
public. For example, cruisers certainly are bruisers, 
and the British Admiralty would like to be Almighty, 
but a certain editor must have been rather surprised 
when he got a telegram announcing that “The Al- 
mighty has ordered three new bruisers.” In this case 
the operator was also to blame for allowing such 
nonsense to pass, but in the following instance the 
operator was not at fault, as the mistake probably 
arose from the use of the old-fashioned s, written like 
f. A man in London told his wife in New York to 
come over to London by a certain steamer, and then 
at the last moment decided to go to New York himself 
and accordingly telegraphed to his wife, “Don’t sail.” 
The telegram as it reached his wife read, “Don’t fail.” 
She took it as instructions to sail without fail, and 
she did so, only to find on arriving in London that 
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her husband had also sailed without fail to New York. land: “Deliver Ten Pigs.” This was mutilated in word each. Printing telegraphs occasionally becom: 
Another class of errors is that due to defects in the’ transmission into “Blister ten pigs.” The Morse sig- what the French called “derailed” for a few second 
apparatus. Printing telegraphs, especially new ones, nals are identical, but the spacing differs, thus: and a meaningless jumble of letters is printed. Fo; 
drop letters occasionally. In one instance in London : : : tunately this kind of error is recognizable after a 
the letter z was missed from the address “Zurich,” so D E L ; V E R little experience, as the “derailment” gives characte; 
that the message read “Urich.” By some unhappy — seit a : Se ie * a > istic results with each kind of printing telegrap 

; s B L I Ss 7 E R . 
chance there is a town named Urich in Montana, in Hence the only evil consequence is a little delay. Cox 
the United States, and the telegram accordingly went ~ = © ~ and ~cipher messages are also a sore trial for the tel: 
to America instead of Switzerland. The mistake was Complaint was made about the pork and mustard raph operator, but such messages come through, 0) 
not discovered till the message had come back from ¢'ror, damages claimed, and sixpense, the cost of the ith. whole, more accurately on a good printing tel. 
Urich in America, undelivered, two days afterwards. telegram, was refunded by the Post Office. graph than with the Morse key and sounder. 

On the other hand, it is the general experience that Not only is long experience necessary for the quick The method of getting corrections and making in 
good printing telegraphs reduce the number of errors detection of errors, but familiarity is also desirable uyirjes is ingenious and brief. RQ is the British | 
in telegrams compared with the Morse key and sounder. With the traffic on particular circuits. Registered ad- .ipna) for an inquiry, and the following contractions 
Printing telegraphs eliminate a whole class of errors 4resses are often peculiar, and slight mistakes on the 1. yseq: 
due to misreading of Morse signals. Also signals sent Part of the sending operator might cause a wrong A A =All after 
by a machine are of necessity more precise and accu- delivery of a message. Experience on a circuit will W A — Word pone 
rate than hand signals can possibly be. It is for this detect such errors at once, as registered addresses . wr an tee oa 
reason, among others, that automatic transmission is occur frequently on particular circuits and become M M — Office of estate 
now practically universal on ocean cables. It is an familiar to the receiving operator. Also the usual ; 
undoubted fact of experience, both in Great Britain, trade contractions must be known—for instance, “What is the word after urgent in message No. 125” 
the United States, and other countries, that printing “fmeht” for “fishmerchant.” “Ystradyfodwg” is a real would be sent “125 W A urgent.” If the last word is 
telegraphs, when in satisfactory working condition, name, though it does not look right to the uninitiated. in doubt, the inquiry would be “125 LW.” The send- 
reduce the percentage of errors very materially com- “Gwrwch,” another Welsh town, is also correct, al- ing operator also anticipates inquiry in regard to 
pared with the Morse key and sounder. though its looks are against it. “Gablonzanderneisse” curious words by repeating them at the end of the 

As an example of a Morse error the following may is obviously correct, and “Stcatherinesontario” and message. This saves time. 
serve. A message was handed in at an office in Ire- “Stmaloilleetvilaine” are quite right and count as one (To be continued.) 

A ili 
eroplane Stability 
1 
By Arthur Holly Compton, Physics Laboratory, University of Wooster 

When we remember that during the past year men fatalities that have occurred, we see great room for equilibrium. The first of these does not concern us 
have flown from almost dawn until dark, covering improvement before men will be able to use the air as at present, for it requires only a few years’ experience 
hundreds of miles without touching the ground, we safe highway. In considering these accidents, we find before this fault will be overcome; and if an aviator 
realize that support in the air is no longer a trouble- that they arise mostly from three causes: 1, Faulty wishes to deliberately turn his machine down at an 
some problem; but when we look at the long list of construction; 2, undue recklessness, and 3%, poor angle of 45 degrees until it strikes the ground, we 

have no means of preventing him; but is it not pos 
sible to so construct the machine that with reasonable 
care the large proportion of accidents due to faulty 
balance may be prevented? It will be the purpose of 
this paper to determine the conditions on which the 
stability of aeroplanes depend, and to suggest some 
means whereby such stability may be automatically 
maintained under all possible conditions. 

In order to understand the difficulty of this problem, 
we must first obtain some idea of the turbulence of ; 
the air. Even in the calmest weather the atmosphere 




















Fig. 1 Automatic control by 


brothers. Figs. 3 and 6 





means of regulating planes. 
Diagram showing the fallacy of the pendulum control. 


Fig. 2.—Form of control used by the Wright 


AUTOMATIC STABILIZERS FOR AEROPLANES 


is greatly disturbed. The sun shining on each dry 
field and on the roof of every house forms enormous 
bubbles of hot air, which rise up in great inverted 
whirlpools through the colder strata above. The winds 
are far from being regular currents of air. Like 
breakers on a seacoast, the wind strikes each tree and 
house and hill, glancing up hundreds of feet in whirl 
ing columns. One obtains an idea of the disturbed . 
state of the atmosphere when one sees an aeroplane 
knocked up or down by a sudden gust of wind, 10, 20 
or even 30 feet in a few seconds. 

The problem of stability resolves itself into keeping 
the center of air pressure and the center of gravity in 
the same vertical line, while sailing through these 
rolling masses. The first experimenters tried to do 
this by shifting their weight while flying, but found 
it a difficult and at times impossible task. Otto Lilien- 
thal, after making over a thousand successful glides in ) 
this manner, was finally overturned by the wind and 
killed. In 1901, the Wright brothers 
structed a flyer on a new principle. Instead of shifting 
their weight to keep the machine balanced, they put 
a horizontal rudder in front, by which they could keep 
themselves from turning over frontward or backward 
and twisted the tips of their wings to obtain lateral 
stability. With a little practice on this machine they 
could work it semi-automatically, like a bicycle. 

The principle on which Wright’s aeroplane works, 
that of operating stabilizing planes to counteract every 
variation of the position of the center of air pressure 
due to changes in the direction and velocity of the 
wind, is now used on every successful type of aero- 
plane. With the elevators and stabilizing planes made 
of moderate size and placed at the ordinary distance 
from the center of gravity, the balance of the aeroplane 
may be kept under perfect control in the most irregu- i 
lar winds, if the auxiliary surfaces are always set in 
the proper position. But when we remember that a! 
times the birds themselves are knocked over by gusts 
of wind, and sometimes even fall to the ground before 
they can regain their equilibrium, is it surprisins 
that sometimes the most experienced aviators should 
not be quick enough to set the rudders to meet every 


however, con- 


gust? 
What, then, will happen if the aviator is 4t- 
tacked by “air-sickness” or becomes unconscious on 


account of too rapid rising or falling through the air? 
In order to avoid accidents from these causes it !s 
necessary so to construct the aeroplane that it wil! 
be securely kept in the proper position, either by !n- 
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here!t stability or by some controller which will auto- 
matically adjust the balancing surfaces. 

The principle on which inherent fore-and-aft stability 
depends is comparatively simple. The center of grav- 
ity of the aeroplane is placed in front of the center 
of normal air pressure, and the forward planes are 
d upward at a greater angle to the line of flight 


inc lit 

oa re the planes behind. If an aeroplane so ad- 
justed be allowed to fall from a great height, since 
the « er of gravity is in front of the center of 
normal air pressure, the front will turn down and the 


machine will dive toward the ground. Then, when it 
has gained sufficient speed, since the forward planes 
are turned upward, the front receives a proportionately 
greater air pressure and the machine rights itself. 
Whenever the aeroplane turns up in the air, its speed 
diminishes until the front again drops. In this man- 
per its angle of flight through the air is kept constant. 

There are two different principles by which inherent 
lateral stability is secured. The first of these is simply 
to bend up the outer ends of the wings at a dihedral 
angie, or to use vertical surfaces with a low center 
of gravity Both of these constructions give the same 
result The air pressure on the lower side is in- 
creased, thus making this side rise. The other method 
is somewhat more complicated. In this case there 
must be a vertical plane at some distance behind the 
center of gravity. Now if the aeroplane tips to one 
side, it will slide sideways until the air catches the 
vertical plane in the rear and turns it head into the 
wind. The result is that, instead of upsetting, the 
aeroplane merely turns around. If there is a con 
stant upsetting force, however, the radius of the turn 
becomes smaller and smaller, and unless corrected hy 
the controlling planes, the machine strikes the ground 
banked at a steep angle. But this principle works 
fairly well even in high winds, and is used on nearly 
all successful aeroplanes. 

However, though in this manner an aeroplane may 
be made to keep its balance iin still air, when winds 
arise troubles arise with them. Since the stability of 
the machine depends upon the reaction of the air 
upon it when the force of gravity pulls it one way or 
the other, whenever it is struck by wind gusts the 
balance is disturbed. For instance, just as when the 
aeroplane flies too rapidly through the air it turns 
upward until its velocity becomes less, so if a wind 
strikes it in front its speed through the air is increased 
and the front turns up, while if the wind comes from 
behind its speed through the air is diminished and it 
heads toward the ground. If the wind gust is sharp 
and the aviator is flying low, he may strike the ground 
before equilibrium can be recovered. Indeed, it 1s 
supposed that this is the manner in which Moisant 
was killed last December. The writer has found by 
innumerable experiments with models of every descrip- 
tion that in general the closer the centers of normal 
air pressure and gravity are to each other the less th» 
longitudinal stability is influenced by variable air 
currents. It is almost impossible for a well-balanced 
aeroplane to be completely overturned while in the 
air, but it may be easily tipped to an angle which is 
very dangerous, especially when close to the ground. 

This means of obtaining automatic equilibrium ts 
the only one in common use to-day, but we have just 
noticed that although it works very well in calm air, 
when it is used in the air-whirls of every-day flying, 
it becomes a source of danger rather than safety. 'f 
every time the aviator comes within 50 feet of the 
ground he is in danger of finding too quickly the 
bosom of Mother Earth, it will require a great dea! 
of persuasion to convince the thinking man that the 
aeroplane is a practical and safe means of trans- 
portation. We must therefore, if we wish to make 
the aeroplane practical, so construct it that it cannet 
be tipped at a steep angle except at the will of the 
operator. 

As was noted above, the constructors of all good 
flying machines are careful to have ample power in 
their controlling surfaces to counteract any movement 
of the center of air pressure caused by variable wind 
currents. So if we are able in any manner to set 
the balancing planes to counteract these changes, w? 
will have perfect equilibrium at all times in the most 
choppy wind gusts. The controllers which are used 
to regulate the supplementary surfaces in this manner 
may be divided into three different classes: 1. Those 
Vhich depend for their balancing properties upon the 
action of the air when the position of the aeroplane 
is altered; 2, those which depend upon the action 
of gravity, such as pendulums, and 3, those which de- 
Pend upon some other force than gravity and the 
reaction of the air to control the balancing planes. 
We shall take up each of these classes in detail, ex- 
Plaining its action, pointing out faults and merits. 

The most simple form of controller which depends 
upon the reaction of the air is that in which the longi- 
tudinal stability is regulated by a plane which is 
struck by a wind from the front, and the lateral 
stability by a plane which is acted upon by air cur- 


rents from either side, as shown in Fig. 1. In this 
diagram, when the aeroplane turns down, the increased 
speed through the air makes extra pressure on the 
wind-plane a, and, forcing it back, turns up the 
horizontal rudder. If it turns up, the air pressure 
diminishes, and the spring b brings the plane forward 
and turns the rudder down. If the aeroplane turns 
to one side, it slides down edgewise until there is 
sufficient wind pressure on the vertical surface c for 
it to adjust the ailerons so as to regain balance. The 
fault with this style of controller is, however, very 
evident. Since the position of the balancing planes 
depends entirely upon the wind striking the controller, 
whenever any wind gust strikes the machine its stz- 
bility is greatly disturbed. It is, indeed, much more 
sensitive to the pitfalls of the air than the machine 
which secures stable equilibrium by means of fixed 
supplementary surfaces as described above. Thinking 
to eliminate this trouble with wind gusts, the Wright 
brothers invented a controller for longitudinal sta- 
bility, which keeps the flyer soaring at a definite angle 
of incidence instead of at a constant velocity through 
the air. The principle of this controller is shown in 
Fig. 2, which, however, leaves out the rather compli- 
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a horizontal position; but if it is only a few yards 
in the air, it will crash to the ground before it can 
regain its equilibrium. This one case is sufficient to 
show that the controller which is being considered is 
unsatisfactory. 

We have shown, then, that the wind-plane cannot 
be used as a controller in either a horizontal or a 
vertical position. Let us now consider the pendulum 
in that capacity, as one of the class which depends 
upon gravity for its balancing powers. The intended 
action of this instrument, as shown in Fig. 3, is that 
when the aeroplane changes its position with respect 
to the direction of the force of gravity, the pendulum 
will remain vertical, and either by direct connections 
or by operating valves for compressed air, will se‘ 
the balancing planes so as to re-establish equilibrium. 
One great difficulty with this device is that, when 
starting or stopping the machine, or when it is struck 
by wind gusts, the pendulum oscillates so violently 
that all stability is destroyed. But this difficulty is 
not insurmountable. These oscillations can be damped 
by friction or by a water basin, or a mercury leve! 
such as shown in Fig. 4 may be used in place of the 
pendulum. But even though these oscillations may 





























Fig. 4.—A mercury bath as a substitute for a pendulum. Fig. 6.—The gyroscope as used for automatically 
controlling the balancing planes. 


AUTOMATIC CONTROLS FOR AEROPLANES. 


cated compressed air connections which set the hori- 
zontal rudder according to the position of the con- 
troller. The regulating plane a is placed parallel to 
the plane of flight, and is connected by levers and 
rods with the elevator 1. Whenever the aeroplane 
turns up, the wind strikes the under side of the con- 
trolling plane and the rudder is directed down, or 
vice versa. The Wright brothers have used this ap- 
paratus on their flyer with some success, although 
oscillations occur, especially in windy weather; they 
say they cannot trust it as well as themselves. The 
reason for this is clear. It is affected by wind gusts 
in much the same manner as was the other controller, 
though not as strongly. Let us consider just one case 
in which this device endangers the aviator’s life. Sup- 
pose a sudden gust of wind strike him from behind. 
Since the speed through the air is decreased, the aero- 
plane will drop down, increasing the angle of inc!- 
dence. The air striking the wind-plane directs the 
rudder down, thus turning the machine toward the 
ground. If it is allowed to go far enough, the velocitv 
will be increased so that the angle of incidence will 
again become normal, and the aeroplane will resume 


thus be made negligible, the pendulum when used as 
a controller does not preserve a_ vertical position 
except by the reaction of the air upon the aeroplane, 
and therefore cannot be successfully so used. This 
fact is illustrated by Fig. 5. If the aeroplane is tipped 
at an angle N there is an acceleration due to gravity, 
tending to bring the pendulum back to a vertical 
position, which is evidently equal to g sin N. But 
supposing the resistance of the aeroplane to motion 
in a horizontal plane to be zero, when tipped at an 
angle of N degrees its acceleration in the same direc- 
tion is also g sin N, the same as that of the pendulum 
This being the case, there is no force to change the 
latter’s position with reference to the former. If, 
however, as is always the case, the aeroplane offers 
some resistance to motion in a horizontal direction. 
as its speed through the air under the influence of 
gravity is increased, the resistance will increase, and 
its acceleration will correspondingly diminish. The 
controtler will then resume its perpendicular position, 
and by means of its connections adjust the balance of 
the flyer. But here we find our former difficulty: [f 
it is only because of the air resistance that the con- 
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currents. 
strike 
wings 


will be wind 


if a sharp gust of 


troller works, It 
For 
the 
over, while the pendulum, owing to its inertia, would 
would 


affected by 
wind shouid 
the 


instance, 


machine from one side, it would blow 


and 
aeroplane 


tend to remain in its original position, 


therefore swing toward the wind, raising the 


on that side 


When we have considered these different types of 
controllers, we are brought to the following conclu- 
sion, which, when understood, is almost self-evident. 
Since the same cause always produces the same result, 


if when the aeroplane is tipped to one side it is turned 
of the air due 
through the 


back to its proper level by the action 


angle of flight 


in equal change in 


to its change of velocity or 


air in that direction, then when 


angle of flight or speed through the air is caused by 


some wind gust striking the machine, the position of 


the aeroplane will be affected in a similar manner. 
That is to say, if the position of the controller de- 
pends, as it does in the cases considered, upon the 
action of the air when the machine is tilted from 
normal level, when a similar action of the air occurs 
from a wind gust, its stability is similarly affected 
For instance, when a flyer in stable equilibrium turns 
upward, its speed through the air is diminished and 
the front drops to the proper level, but when a wind 
strikes it from behind, its speed through the air is 
likewise diminished, and the front will again drop 
but this time away below the proper angie of fligh* 
Therefore, since we find that the stability of all ma 
chines balanced in a manner similar to those above 
described must depend upon the machine's reaction 


with the air, no such system of automatic equilib 
rium can be depended upon to preserve perfect ba' 
ance while the aeroplane sails through the currents 
and cross currents met in actual flight 

We find it essential, therefore, that the controller 
shall be sensitive, not to the force or direction of the 
wind which strikes the machine, but to some other 
force which will move the controller with respect to 
the aeroplane when its equilibrium is disturbed. The 
only such forces of which the writer knows are the 
force of the earth’s magnetic field acting on a mag 
netic needle, and the gyroscopic force of a rapidly 
rotating whee! The magnetic needle is usually em 
ployed merely to point north, but since the earth's 
nh. venetic field tends to make it dip downward at 


an angle of about 75 degrees to the horizon, an‘ 
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since this angle is almost constant in any locality, if 
the direction of flight is fixed, the magnet may be 
used to determine a horizontal position. This magnet 
be made to operate the controlling planes by a 
system of electro-magnets and compressed air valves 
and Since both arms of the magnet have the 
same mass, neither gravity nor centrifugal force, due 
to oscillations of the aeroplane, would affect it in any 
but if vibrations should by any means be started, 
indefinitely and be trans 
the 
de- 
So, 


may 


pistons. 


way; 


they would continue almost 
mitted to the flyer 


down at 75 


making turns, since 


instead of 90 


Also in 


needle points degrees 


grees, there would be danger of losing balance 
aside from its necessary frailness of construction, this 
make a suitable 


for us to turn to the gyroscope to 


instrument cannot controller It is 
therefore necessary 


balance our flyer. 


It is a well known property of the gyroscope that 
it tends to rotate continually in the same plane. If 
a force be made to act on the revolving wheel, its 
plane of rotation will be changed, but in a direction 


at right angles to the force, if the trunnions are fric- 
this right 
increased, the gyroscopic action 


tionless If by any means precession at 


angles to the force be 


will overcome the turning force and move toward it 
If, on the other hand, this precession be retarded, by 
friction or by any other means, the force will turn 
the gyroscope in the direction in which it acts. Gyro 


scopes constructed se that the precession is accelerated 
the kind They 
not adaptable to when the 


to balance monorail cars 


the 


are used 


are aeroplane except 
latter is in unstable equilibrium with respect to grav 
even then the affected 
This would make flying very precari- 


ity, and eontroller would be 


by wind gusts 


the controller should get out of order. 


form of 


ous in 
When we 
that of a 


case 


consider a simpler gyroscope 


wheel rotating in a hori- 
the 


tion in the trunnions, the precession will be retarded 


however single 


zontal plane, if, as is always case, there is fric 
and a force will be able to move the gyroscope slightly 
Unless the 
however, 
The 
Fig 
plane of 


which it is acting. 
the 


wheh 


in the direction in 


friction is very great, will, 


the 
action of 


£yroscope 


strongly resist forces act against it. 


balancing this gyroscope is shown in 


6. Since it resists force to change its 


any 


rotation from the horizontal, the gyroscope by suit- 
able connections keeps the balancing planes set so as 
to correct any tipping of the aeroplane. But since 
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the trunnions are not frictionless, the forces requir. 
to operate the balancing planes would slowly turn 
gyroscope from a horizontal plane. For this reas 
if a gyroscope in neutral equilibrium with respect io 
gravity be used on an aeroplane, it will in time m 
far enough from normal position to dangerously ) 
the machine. In the same manner, if the gyroseope 
be set in unstable equilibrium, it will gradually nx 
to a more stable upsetting the 
with it. If, however, the gyroscope while rotating 
a horizontal plane be in stable equilibrium, though 
changed by the action 
various forces, the force of gravity will be able sg] 
to bring it back to its original position, becaus 
the friction of the supporting axes. We see then 
this is the only condition in which the gyroscope 
be relied remain 


position, aeropla 


position may be slightly 


upon to rotating in its orgi: 

plane, and is the only condition in which it can 
used to successfully balance an aeroplane. 

When, however, a gyroscope in stable equilib: 


is used, if it is affected by a force which changes it 
plane of rotation more than two or three degrees, t 
oscillations which it performs in returning to its or 
disturbs the balance of the aeropla 
Experimenters have found th 
these oscillations can be greatly diminished by the 


inal position 


quite perceptibly. 
of vanes in a water basin, but on a flying-machine t! 
balancing planes answer very well the same purpos 
If the gyroscope is connected directly to the balan: 

Fig. 6, it 
weight in 


shown in must be of 
paratively great order not 
by the forces acting upon it; but if 
connected directly to the auxiliary 


planes, as is 
to be disturbed 
instead of being 
planes, it is used 
merely to open and close valves for compressed air to 
operate them, the forces acting on the gyroscope w 

small and the weight of the 
diminished. This controller is really a 
combination of a gyroscope and a pendulum, and 

slightly affected by wind 
however, 


be very gyroscope may 


be greatly 


currents TI 
insignificant, as 


therefore 
disturbance is, long as th 
in comparison with the 
turning moment of the pendulum. A gyroscopic con 


troller so constructed, with its plane of rotation regu 


gyroscopic action is strong 


lated by gravity so that it is always kept cons'‘ant, is 
capable, the writer believes, of setting the balancinz 
and to 
its perfect balancing properties as long as th 
turning 


planes so as to counteract wind 
keep 


wheel is 


every gust, 


The United States Reclamation Service 


Special 


THE tNTERMOUNTAIN DISTRICT 
By R. F. Wavrer, Supervising Engineer 
Tue work of the Intermountain, sometimes known 
as the Central District of the Reclamation Service, 
covers a territory in which irrigation has been em- 
ployed as a means of distributing moisture to grow 
crops since the earliest settlement by the pioneers, 


who, first attracted by the discovery of gold, in which 


all could not be successful, turned their attention to 


diverting the waters from the streams onto the barren 


land. So successful were they in this undertaking 
that agriculture soon became the chief resource of 
the territory, and quickly overshadowed the mining 
industry. Most of the builders have passed away; but 
the old canals constructed by the pioneers are still 
in use 

rhe original irrigation works were built merely to 
divert the flowing streams onto the parched lands; but 
the s.reams were so reduced in flow during the sum 
mer months, and there was so much water wasted 
luring the spring months, that, after many years, some 
one suggested that the water going to waste might 
be run into reservoirs and stored for use after the 
streams had been reduced in flow, and also to make 


possible the extension of the irrigated area. The sug 


xestions were considered at the time a huge joke, and 
the promoters called cranks. The building of reser- 
voirs did not begin until about 1890, since which time 


thousands of storage basins have been put in use, and 
now on many of the streams no water escapes what 
ever, and the lower stre'ches of the river bed have 


become covered with trees and vegetation. 
The work of 


over the 


the Reclamaticn Service in this district 


is scattered Sta‘es of Colorado, Kansas, Ne 


braska, South Dakota, Oklahoma, and_ southern 
Wyoming, from an elevation of 2,500 feet above sea 
level to an elevation of over 10,000 feet, and from 38 
degrees north latitude to 45 degrees, all in the neigh- 
borhood of the 105th meridian. The annual rainfa!l 
varies on the different projects from a normal of 6 


or & inches to 16 inches, while in the mountains above 


the projects it may reach as high as 30 or 40 inches 
The crops produced are grain, alfalfa, potatoes, sugar 
beets, and garden truck on all while 


such fruit as apples, peaches, pears, and apricots are 


hay, projects, 


Articles by the Engineers of the Projects 


very extensively grown on the southerly projects, for 
which there is always an excellent market. 
of the irrigated 
from $75 to $100 acre in the northerly projects 
to $100 to $1,000 in the southern projects, much of 
the land having sold for $3 to $10 per acre before 
the projects were inaugurated. 

Below is given a brief description of the most im- 
portant projects in this district on which work is 
being done by the United States Reclamation Service, 
the larger engineering features connected with each 
having been fully discussed above. 


The value 


lands under these projects ranges 


per 


Uncompahgre Project, Colorado—In the Uncom- 
pahgre Valley, in Montrose and Delta Counties, in 
southwestern Colorado, there is a body of very fine 


land of some 150,000 acres. The Uncompahgre River. 
which has a limited run-off, nearly all of which comes 
the spring sufficient but a 
small part of this area. This valley the 


failures fol 


during months, was for 
was settled in 
early eighties, and a succession of crop 
was no chance to store the flood 
amount, the inhabitants 
began to look elsewhere for relief, and discovered that 
the the Gunnison River such that 
the water of that stream, which has a large runoff, 
earrying the same through a tunnel, be 
diverted to the lands in this valley. The cost of such 
an undertaking, however, was so great as to be abso- 
lutely impossible by private capital. The State of 
Colorado was importuned to relieve the situation, and 
after spending $25,000, turned the work over to the 
Reclamation 1903, as it was too large an 
The Reclamation Service has 
this tunnel, which is six miles long, 
and it has been in use during the past two seasons. 
The old canals that have been turned over to the 
Government are being enlarged as fast as possible, and 
new canals and laterals built, so as to supply 140,000 
acres with an assured water supply. 
When fully developed the regular 
Gunnison River will be augmented by 


reservoir on 


lowed: and as there 


water in any considerable 


elevation of was 


could, by 


Service in 
undertaking for them 


since completed 


the 


construc- 


run-off of 
the 
tion of a Taylor River, which is a tribu- 
the same above the point of diversion. The 
built in the high mountains at an 
10,000 feet above sea level, and 


tary of 
will be 
of about 


reservoir 
elevation 


will be filled during the spring and winter with wat 
The water 
let out during July and August, as needed to keep up 
the full flow through the tunnel. 

Grand Valley Project, Colorado.—This project is 
located in Mesa County in western Colorado: and 
while the lower lands in the valley have been irrigated 
since about 1883, the irrigation of the higher mesas 
has only been talked of on account of the engineerinz 
difficulties encountered. 

The higher mesas generally include the best and 
most fertile lands, but are the most expensive and 
difficult to reach with water—hence they are the last 
in every valley to be reclaimed. 


that would otherwise go to waste. will be 


This is no exception 
here, and a high-line canal to reach the same requires 
a large investment and 
have to be overcome. 


many engineering difficulties 
The canal which 
planned by the Reclamation Service will furnish water 
60,000 land. the flow 
of the Grand River, which is one of the largest streams 
in the district. The canal, which will run 
miles through the canyon, will involve rough and diffi 
cult construction, miles of tunne! 
besides lined sections and heavy rock cuts. The wate 
will be diverted from the Grand River by a divertir 
dam, which must be constructed so as to 
of the water during low flow, and pass immense floods 
during high periods. 

There will be required an extensive canal and dis 
tribution system below the canyon in order to get the 
water to each farm. This work will 
as soon as the legal questions which 
laying progress are settled. 

North Platte Project, Wyoming and Nebraska.— 01 
of the chief water courses in the middle West is 
North Platte River, heading in the high mountains 
of Colorado, and flowing through Wyoming and  \ 
braska on its way to the Missouri. Although its fl 
is large during the spring months, it goes practica 
dry during the later summer months, and is genera 
limited in flow after July 1st. 

With the organization of the Reclamation Ser\ 
one of the first investigations made was looking toward 
the of these waters and the saving of 


has *been 


to some acres of irrigable from 


for several 


requiring several 


stop mos 


proceed rapid!y 


have been d 


conservation 


them for use on the immense areas which the natura! 
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flow of the stream could not begin to supply. 


The |’athfinder reservoir site, located in south central 
Wyoming, was found to have such a capacity that all 
the flood flow which had heretofore gone to waste 
could held back in most years, and turned out, as 


needed, later in the season. This reservoir has a 
of over a million acre-feet, covering an area 


sapaci 
ae 1 of 21,774 acres, with a maximum depth of 
water 182 feet, this depth being made possible by 
the « ruction of the Pathfinder dam, which is a 
miasol lam rising to a height of 218 feet. The work 
on th servoir has been completed for some time, 
and water has been stored for the past two seasons. 

The ds selected to be watered from this reservoir 
are in Wyoming and Nebraska, and comprise an area 
of son 350,000 acres. The first unit, known as the 
Interstate, is nearing completion, and comprises about 
one-third of the total area. The second unit is known 
as tl rt Laramie unit, and comprises some 80,000 
acres which work will start in the near future. 
The third unit of some 150,000 acres is now being 
investigated; but no allotments have yet been made 
for its construction. 

The distribution system for these lands comprises 


substantial concrete diversion dams, large main canals, 
and lateral systems reaching each farm in the area. 

Belle Fourche Project, South Dakota.—Surrounding 
the Black Hills-in South Dakota are situated numer- 
ous bodies of land of more or less limited areas, which 
would be fine farming land if there was sufficient 
moisture; but as the rainfall is below what is needed 
to produce crops, these areas are practically unoccu- 
pied and of very little value. Numerous streanis rise 
in the Black Hills, flow out through these areas toward 
the Missouri, but they flow very little water except 
during the spring months. 

The Belle Fourche project, which is being completed, 
depends on the storage water of the Belle Fourche 
River during such flood periods, in a large reservoir 
which has been made possible by the construction of 
a large earthen dam across Owl Creek. The reservoir 
thus formed is about 100 feet deep, covering an area 
when full of over 8,000 acres, and it has a capacity 
for storing over 200,000 acre feet of water. This 
reservoir is at the head of about 100,000 acres of 
irrigable land. The water is diverted into the reser- 
voir fom the river by a large canal 70 feet wide on 
top, and carrying water 10 feet deep, with a length 
of only about six miles. The water is diverted from 
the river into the canal by a concrete diversion dam 
400 feet long across the Belle Fourche River. From 
the reservoir two large main canals carry the water 
to the lands, and laterals are built from these canals 
to each farm. : 


WASHINGTON DIVISION 
By Cuartes H. Swicart, Supervising Engineer. 


Tue Washington Division comprises all of the State 
of Washington and the extreme northern part of Idaho 
The Reclamation Service has completed one project, 
the Okanogan, and is now constructing the Yakima 
project. 

Okanogan Project——The Okanogan project, a recon- 
naissance of which was made in 1903, construction 
being started in April, 1907, and completed during the 
latter part of 1910, provides for the irrigation of land 
in the valley of the Okanogan River between Riverside 
and Okanogan, Wash. Water is stored in Salmon Lake 
and Conconully reservoirs, which have a combined 
capacity of 15,000 acre feet. The former is a narrow 
body of water three and a half miles long, located on 
a tributary of the North Fork of Salmon Creek. Water 
from this lake is discharged through a small concrete 
structure, with an opening 3 feet wide, into a nacural 
channel leading to Conconully reservoir, which reser- 
voir is formed by an earth dam 1,000 feet long, 64 feet 
high, containing 336,000 cubic yards, built across 
Salmon Creek a short distance below the confluence 
of the North and West Forks. The dam was con- 
structed by hydraulic fill method, and is the only ons 
so far mstructed in that manner by the Reclamation 
Service, the work being done by force account. The 
dam has a top width of 20 feet, the slope on the upper 
face is 3 to 1, on the lower face 2 to 1. The main 
part of the dam rests on a foundation of well com- 
pacted sand and silt and clay. The center of the em- 


bankment consists of sand and silt with a puddled 
core of selected material. A line of wooden sheet 
piling was driven 70 feet upstream from the center 
of the dam to prevent percolation. A tunnel 8 feet 
square lrough a granite hill near the east end of 
the da rovides an outlet for the reservoir. The dis 
charg rough the tunnel is controlled by two 36-Incn 
gat ited from a concrete gate house. A spillway 
180 feet long with a crest 10 feet below the crest of 
the d s located in a rock ridge 300 feet beyond 
the st end of the dam. The channel of Salmon 
Creek is used for a distance of 12 miles below Con- 


conully reservoir, at which point the water is diverted 


into the main canal, which has a capacity of 100 
second feet. The irrigable land under the project, 
amounting to approximately 8,650 acres, has an elevae- 
tion of 1,000 feet above sea level. The character of 
the soil is volcanic ash, sand, and gravel. The duty of 
water has been determined as 214 acre feet per acre 
per annum, the irrigating season lasting 123 days. The 
principal products are fruit, hay, grain and vegetables. 
The building charge per acre has been announced as 
$65, and the annual maintenance and operation charge 
as $2. 

Yakima Project.—The Yakima project embraces all 
of the lands in the Yakima Valley that can be watered 
from United States Reclamation Service works, and 
in addition some lands in the Columbia Valley lyins 
near the mouth of the Yakima River. This project 
for convenience is divided into Storage, Kittitas, Tie- 
ton, Sunnyside, and Wapato units, with the High Line 
including the Benton Unit or the Benton Unit alone 
as alternative propositions. 

The Storage Unit includes the construction of works 
for the impounding of the flood waters of the Yakima 
River and its tributaries in reservoirs at Kachess, 
Keechelus, Clealum, and Bumping lakes and McAllis 
ter Meadows. 

At Kachess Lake the construction by force account 
of an earthfill dam with concrete corewall was begun 
in 1910, and will be completed in 1912. The dam will 
have a maximum height of 68 feet, a crest length of 
1,500 feet, and a volume of about 250,000 cubic yards. 
The spillway, which will be 250 feet long and 58 feet 
above the stream bed, will have a capacity of 7,200 
second feet. 

At Keechelus Lake an earthfill dam with a maxi- 
mum height of 64 feet, a crest length of 6,400 feet and 
a volume of about 480,000 cubic yards, is proposed. 
The spillway at this lake will be 287 feet long and 
54 feet above stream bed. 

At Clealum Lake an earthfill dam is projected with 
a maximum height of 140 feet, a crest length of 1,200 
feet and a volume of 660,000 cubic yards. The spili 
way at this lake will be 400 feet long, 130 feet ahove 
stream bed 

At Bumping Lake the construction by force account 
of an earthfill dam with puddled core was begun in 
June, 1909, and completed in November, 1910. The 
maximum height of this dam is 45 feet, length of crest 
3,500 feet, volume 233,800 cubic yards. A_ spillway 
235 feet long and 40 feet above stream bed provides 
for the discharge of excess flood water. The outlet 
works consist of a concrete outlet conduit, concrete 
gate tower, and two sets of cast-iron gates, each 4 feet 
by 5% feet. 

At McAllister Meadows there has been projected a 
high dam in the Tieton River, near the confluence of 
the North and South forks. 

These five reservoirs constitute the principal storage 
possibilities of the Yakima project, and will have a 
total capacity when fully developed of approximately 
928,000 acre feet. There are, however, several sec- 
ondary sites available which will probably be developed 
as necessity requires. 

The Kittitas Unit embraces some 62,000 acres of 
land lying along both sides of the Yakima River, near 
the town of Ellensburg. Surveys and investigations 
of this unit have been made by the Reclamation Ser- 
vice, but it is probable that the further development 
of the unit will be undertaken by an organization of 
the land owners. 

The Tieton Unit, containing some 34,500 @&cres, lies 
west of the city of North Yakima and between the 
Naches River and Ahtanum Creek. Water for this 
unit is taken from the Tieton River about 15 miles 
above its confluence with the Naches River. The main 
canal is located along a very steep sidehill of the 
Tieton Canyon, a distance of 12 miles, in which are 
included two miles of tunnel. The entire length of 
the canal is lined with concrete made in 2-foot semi- 
circular sections with a diameter of 8 feet for open 
canal and 2-foot circular sections with a diameter 
of 6 feet for tunnel. These sections were cast at suit- 
able sites in the bottom of the canyon, transported to 
the canal, set in place, and jointed. The construction 
of the Tieton Unit is nearly completed. The building 
cost per acre has been announced as $93, with an 
operation and maintenance charge of $1.50 per acre 
per annum. The character of the soil is volcanic 
ash. The principal products are fruit, forage, and 
hops. The duty of water has been determined as 2.17 
acre feet per acre per annum, the irrigating season 
lasting about five months. 

The Sunnyside Unit, containing 100,000 acres, receives 
its water from the Yakima River, just below Union 
Gap. The canal system was originally constructed by 
private capital, and was purchased by the Reclamation 
Service in 1905. The main canal, which is about 69 
miles long, and which originally carried about 650 
cubic feet per second at the intake, is now being 
enlarged to a maximum capacity of 1,076 second feet. 
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Other improvements have been made by the Reclama- 
tion Service, including the construction of a concrete 
diversion dam, concrete drops in the main canal, and 
three wasteways which will also serve as drains for 
the low lands. The system has also been extended, 
by means of two siphon lines, across the Yakima 
River, to include lands near the towns of Mabton and 
Prosser. The construction of the Sunnyside Unit will 
be completed in 1912. The building cost has been an- 
nounced as $52 per acre, with an operation and main 
tenance charge of $0.95 per acre per annum. The 
character of the soil is volcanic ash and gravel. The 
principal products are forage, hops, vegetables, and 
fruit. The duty of water has been determined as 
3 acre feet per acre per annum, the irrigating season 
lasting about seven months. 

The Wapato Unit consists of 114,000 acres on the 
right bank of the Yakima River, just below Union 
Gap. This land was allotted to the members of the 
Yakima tribe of Indians. At present there are about 
32,000 acres partially irrigated by a system built by 
the Indian Service. Surveys and investigations for 
the complete development of this unit have been made 
by the Reclamation Service. 

The Benton Unit includes from 120,000 to 150,000 
acres of land on both sides of the Yakima River, near 
its junction with the Columbia. The original plan 
proposed the diversion of water from the Yakima 
River, near Prosser, but in the event the High Line 
Canal is constructed the Benton Unit will be watered 
from the Columbia River. 

The High Line Canal will, if constructed, furnish 
water for the lands on the left bank of the Yakima 
River above existing canals. Reconnaissance surveys 
only have been made in connection with the Benton 
and High Line units. 


NORTHERN DIVISION, U. S. RECLAMATION 
SERVICE. 
By H. N. Savace, Supervising Engineer 


Tut Northern Division comprises the States of 
Montana and North Dakota, and northern Wyoming, 
and includes the Missouri River drainage basin, with 
the Yellowstone River in Montana and the Big Horn 
River in Wyoming. Within this area the construction 
of seven Reclamation Service irrigation projects has 
been authorized. Construction has progressed to the 
extent that at least one unit of each project has been 
completed, and all the large feature structures on 
several of the projects are now constructed. Two of 
the projects have been practically completed, and all 
seven of the projects, in so far as completed, have 
been put under operation, six of them now having been 
operated for three consecutive seasons. Funds have 
been provided sufficient to complete the smaller projects 
and also the works to cover the major portion of the 
lands contained in the larger projects. 

The flat grade of the Missouri River rendering the 
construction of gravity irrigation canals impossible, 
the construction of the North Dakota Pumping Projects 
was found to be dependent upon the development of 
power from the ample fuel supply in local lignite 
beds and its transmission electrically to operate cen- 
trifugal pumps mounted on floating barges on the 
Missouri River. The barges are taken out of the 
stream at the end of the season and again launched 
at the beginning of the next irrigation season. 

The Buford-Trenton and Williston pumping projects 
have been completed to irrigate 20,000 acres, and may 
ultimately be extended to cover twice this area, or 
more. 

The Lower Yellowstone Project, in Eastern Montana 
and North Dakota, covers 60,000 acres, and is neariy 
completed. The main canal, on account of the geol- 
ogic formation encountered, has involved many and 
difficult engineering problems both in construction and 
operation and maintenance, as have also the unusually 
great number of cross-drainage structures, all of which 
are of masonry construction. The principal feature 
structure is the diverting dam, which has a crest 
length of 700 feet, with a height of 12 feet, and is 
of timber crib rock-filled type. Provision has been 
made for an overflow depth of 25 feet in anticipation 
of the frequent ice gorges. The Yellowstone River 
at the site of this dam has a maximum flood flow of 
160,000 cubic feet per second. 

The Shoshone Project, in northern Wyoming, is de- 
signed to reclaim 164,000 acres of land. The works 
are feasible of extension to cover a total area of 300,000 
acres, including the Oregon Basin tract, the available 
water supply being ample for th‘s area. The prin- 
cipal feature structures are the Shoshone Dam and 
the Corbett tunnel. The Shoshone dam, the highest 
masonry dam in the world (328.4 feet), with its reser- 
voir, just now for the first time filled to the spillway, 
is designed to regulate the entire discharge of the 
two Shoshone rivers, which have their source in the 
mountains forming the “Crown of the Continent,” 
within and east of the Yellowstone National Park. Ths 
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fhe Diversion Dam and Intake of the Main Belle Fourche Canal, Sou Dakota, 
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Shoshone Project, Wyoming The Desert Before Irrigation 




















Shoshone Project After Irrigation. The Town of Powell, Three Years Old Uncompahgre Project, Colorado. Largest Drop in the South Canal Road in 
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a Project, Oregon, Showing the Desert in 1905 


Sluiceway on the Yuma Project, Laguna, Arizona. 


at Irrigation Did in Five Years in a Fruit Orchard of the Umatilla Project, Oregon. 


Concrete-lined Rock Section of the Main Feed Canal, Umatilla Project, Oregon. 





Road in Shoshone Canyon. View Looking Up Canyon Toward Dam Site. 
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Corbett tunnel has a capacity of 1,000 cubie feet per 


second, and is 3%, mil ong "wo million dollar jas 
been appropriated with which to continue the work 
on this project 


he Huntley Project On 1¢ Yellowstone River, im 





mediately east of Billing is an area of O00 acres 
More than 80 per nt of the first unit of 28,000 acres 

now settled, the farms having an average area of 
about forty acres of irrigable land So far as data 
of resuit n nilar undertaking ire known, thre ini 
form success of the Huntlh ettlers is unprecedented 


The crops roduced on © entire trrigated area the 


ond season had a value of upwards of $25 per acr? 


The value of the ugar beet roduced on many of 
he flelds averaged over $100 per acre. and this season 
upward of 1,000 carloads of igar beets will be pro- 
duced he rroject now ha hirteen public schoois 
ind ix hurch organization I ia the advantage 
ilso of two transcontinenta tilroad lines extending 
throughout its length The last unit of the project 
ibout to be put under construction 
Nie in’ Rive P vest of Great Fal s the 
irgest in the di ion, the area of land being mited 
miv by he available vater ipp whieh 1 turn 
i ulequate for between 200,000 and 300,000) acres, 
The first or “Fort Shaw init of the project has been 
mupletely onstructed ind abou four-fifths of its 
irea | ettled It 3; now entering upon it third 
eason of operation An allotment of $5,500,000) has 
cently been pl ied for irrying forward constr 
on vork the main teatur of vhich vil be ] 
number of high storage dam ind a main canal with 
a ipacity of 2,500 eubic feet per second 
The Milk Rive Project, in northern Montana, is 
me of the first projected by ie Reclamation Service, 
onstruction having been held n ibevance pending 
he negotiation of a t i roviding for the appor 


onment of the waters of the Milk River and the St 





Mary River drainage basin is between Canada and 
the United St Ihe Milk R I rroject de 
pendent for its water! ipply upon the waters of tha 
3t. Mary drainage basin, which waters now run north 
erly and discharge nto Hiudson Bay Th roject 
involves the rrigation o ipwards of YO.000 acre 
of land \ itisfactory itv has now been accom 
plished ind an allotment of $4,000,000 1 cently 
been provided for irrying on the work 
Indian Reservation I! at P ects The Recla 
ination Service 3 onstru 1Z rigatior vork on 
hree Indian reservatior I he Northern Di on 
vi he Flathead, Black fee i Fort Peck Fach of 
these has an area of about 0.000 acres of irrigable 
land The engineering layou f lest ‘rigation sys 
tems provides for the ultimat eclamation of all of 
this land The major portion of the irrigable area 
has been allotted to the Indian n severalty The re 
ceipts from. the ak yf excess lands will return the 
cost of the irrigation works The Indians as laborers 
and with their teams are erforming a large amount 
of the work, for which they are paid rates current 
for imilar service One hundred and eventy-five 
Indian teams have been employed on the Fort Peck 


Project, and 151 four-horse Indian teams were em- 


ploved at one time this season on the Blackfeet proje« 


The ultimate development of the Flathead Project 





nvolves the construction of fifteen storé reservoirs 
to conserve the available flood inoff from the sever 
creeks which ha the 1 n the M on Ra 
and the onstruction and eration of a hydro-elect! 
pumping plant { vard of ZHO.000) acre ot this re 
ervation n a i110 ‘ rigabl 
and, ha een a d » th India vidition 
to vhich he AY T St ato 1é rene ) 
tte rin OW yy ’ ‘ \ mn st ion 
which are isceptibte of develo ‘HOO hor 
powel ind ZOOL0O0) acre rf mber land which now 
arries T2250 000.000 eet ward nea ( ) ihe nan 
ible timber 

IDAHO DISTRICT 
By F. EK. Wereyuwoutru. Supe ng Engineer 

fur Idaho District embraces that portion of the 
Snake River Basin from its headwaters in the Yellow- 
tone National Park Wyon z to its confluence with 
ind including the Sa’mon Rive 1 tal area of abou 
90,000 square miles The main ifice is located in 
Boise, Idaho’s capital and large rhe work of 
he district divided among thre projects— Boise, 
Minidoka and Snake River Storage 

Boise Project rh embraces 243,000 acres of land 
n the south side f the Boise River, belween its con 
juence with the Snake River and the city of Boise 
Ihe ol ‘ ts of a " ish and a sandy 
mam, rich i ant food and iitable for a variety of 
rops Fruit f i kind i vell is grains and 
vezetabies tn wearit he ive Lee rain 
fall $s about 15 n ea 7 ibou me-third 
of the amount necessa he production of the 
best “Ops 

The project is traversed y the Waln lit yf the 


Oregon Short Line Railroad, and also by the branch 
line from Nampa to the city of Boise rhere is an 
electric line between Boise and Caldwell, and another 
one operating between Boise and Nampa Chis latter 
line is soon to be extended on to Caldwell. The prin- 


cipal engineering features are the storage and diver- 


ion dam 1e concrete-lined section of the main South 
Side Canal and the dams for the Deer Flat reservoir. 


The storage dam, located 22 miles from Boise. now 


inde onstruction vill vhen ompleted, be the 

ghest dam in the world It rrincipal dimensions 
vill be as follow Length of re 1.025 feet heigh* 
thove foundation, 340 feet width of roadway, 15 feet; 
thickness at base, 265 feet ind volume, 485,000 cubic 
vards This dam will impound 207,000 aere feet of 


vater, to be used during the low-water period of the 
“ar for inds embraced in the upper portion of the 
roject The lower portion of the project upplied 
vith stored water from the Deer Flat reservoir, locatea 
vithin he project, and formed by building two em 
bankmen ontaining about one million cubie yards 


ff earth each across tl 


ie lower end of a valley near the 
enter of the project The water supply for this reser 
rj diverted from the Boise River and delivered 
hough the main South Side canal. The capacity of 
h reservoir ji 1, O.000 acre feet 


The diversion dam and headgates for this project 


ur ocated at the mouth of the inyon on the Boise 
River, about seven miles above the city of Boise, and 
onsist of a 216-foot overflow weir of solid masonry 


» feet above the river bed, flanked on the south side 


of a logway 30 feet wide it fishway, two diverting 
innels having 5 by 10-foot gates, and the head- 
works to the main South Side canal composed of 
ight 5 by 9-foot gates The main South Side canal 
ha 1 capacity of 2,500 second-feet and is 40 miles 
ong. Six miles of this canal is lined with concrete 


Vinidoka Project This embraces an area of about 
132,000 acres of land on both sides of the Snake River, 
n the central southern part of the State of Idaho. The 
oil here consists of volcanic ash and sandy loam sim- 
lar to that on the Boise project, but containing more 
und Vegetables, hay ind grain are the principal 
ropes The average rainfall ibout 14 inches 

The project is traversed by the Minidoka and South- 
vestern branch of the Oregon Short Line Railroad: 
also by a branch of the Oregon Short Line extending 


from Rupert to Bliss: another branch from Burley 


to Oakley, and still anothef is now being constructed 
from Burley eastward, through that portion of the 
rroject lying south of the Snake River This road 
vill open up the Raft River country: thence proceed- 


ng in a southerly direction and connecting with the 


main line of the Oregon Short Line just east of the 


Great Salt Lake 

"he principal engineering features in connection 
with this project are the Minidoka dam, headworks, 
power plant, and pumping stations. The dam is of 
the rock-filled type, 736 feet long, 25 feet wide on top, 
and 86 feet high, flanked by the power plant and north 
side headworks on the north and the spillway of solid 
oncrete, 2,400 feet long, 2 to 15 feet high, and south 
side headworks, on the south side 

At the power plant there are five 2,000 horse-power 
turbines direct connected to as many 1,500-kilowatt 
generators. The power generated is used for pumping 
vater to 47,000 acres of high land during the irrigating 
season and for furnishing the towns on the project 


h light, power and heat 
Owing to the large amount of power available in 


ie winter months, power for heat furnished to the 


own it a rate vhich successfully competes with coal 
ind wood Nearly ill of the business houses and 
many of the private houses in the thriving towns of 


Rupert, Heyburn, and Burley use electrical energy 
for heat 

There are three pumping stations on the south side 
of the river, called the first, second, and third lifta. 
At the first lift there are four 125 second-foot pumps, 
at the second three 125 second-foot pumps, and at the 
third one 125 second-foot and one 75 second-foot pumps, 
ill operated by electric motors supplied with power 
from the main plant at the Minidoka dam. The first 
ft pumps 500 second-feet of water from the south side 
gravity canal to the first lift canal, 30 feet higher: 
the second lift forees 375 second-feet 30 feet higher: 
and the third lift raises 200 second-feet 30 feet higher 

| The machinery at the lifts and at the power 
plant is installed in neat buildings of reinforced con- 
crete Che spillway is provided with reinforced con- 
crete piers 8 feet high and 8 feet on centers, by means 
of which the surface of Lake Walcott, formed by the 


lam, an be raised five feet thus increasing the 


torage apacity of the lake and the available head 
of water on the turbines 

Snake River Storade This contemplates the torage 
f flood waters of the river in reservoirs in order to 
regulate its flow so as to conform as far as possible 


o the needs of irrigation and power. The only reser 
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voir so far constructed is at Jackson Lake, just south 
of the Yellowstone National Park. Here a reinf 


concrete dam, 28 feet above stream bed and 200 7 
long, terminating on the end in an earth dike TH) 
feet long, has been built across the outlet of th« 

thus forming a reservoir of 380,000 acre feet capacity 


The water from this reservoir is delivered to +} 
Minidoka project during the low water period 
Snake River. 
The Chemistry of Mummification 

Mr. A. Lucas has rendered a great service t ill 
who are interested in the customs of the ancient 
tians and in the history of the methods adopt: 
the preservation of the body by collecting int: 
convenient volume the results of his investig; 
concerning the “Preservative Materials Used by ¢} 
Ancient Egyptians in Embalming,” which has 
ssued as Survey Department Paper No. 12 (Cairo) 

More than seventy years ago Dr. Pettigrew 1}. 


lished an exhaustive account of the chemistry 


mies, so far as this was possible at that time d 
he had the assistance of Michael Faraday in his in- 
vestigations Since then the whole subject of m 
mification had fallen into the hands of archeologist 
who invented a curious alchemy of their own fe he 
purpose of interpreting the accounts of Egyptian em- 
balming given by the ancient Greek writers; but dur 
ing the last ten years this era of sensationalism has 
received its quietus, and a serious attempt has been 
made to elucidate by recognized scientific means e 
nature of the methods of mummification. 

Recent investigators have had the immense advan 
tage of having many hundreds of mumm’‘es of known 
age and provenance for every unknown mummy that 
came into Pettigrew’s hands; and the enormous strid 
in chemical Knowledge that the last seventy vears 
have witnessed have made it possible to obtain 
more information from the material than was pos 
sible before Most of the embalming materials thus 
rescued have been analyzed by Prof. W. A. Schmidt, 
of the Cairo School of Medicine, and Mr. Lucas, 
analyst to the Egyptian Survey Department, and the 
results of their work have been published in various 
scientific journals published in Egypt and Europe 
Mr. Lucas has collected all this scattered information 
and added to it in this valuable report. He has also 
given an extensive bibliography, which, though not 
quite complete, will be of very real service to archer 
ologists, who in the past have been at a loss to obtain 
weurate information upon such matter as are dis- 
cussed in this work.—Nature (London) 


Development During Exposure 

CeRTAIN important advantages can be gained by 
combining the operation of development with the 
exposure of silver bromide pictures. When it is at: 
tempted to make enlargements from a hard negative 
the results are often worthless, owing to the fact that 
the paper tends to increase the hardness By the 
usual method of exposing and subsequently develop 
ing, it is possible to obtain two kinds of results. 
Kither the exposure is calculated for the shadows, in 
which case a picture is obtained which shows out 
well in the shadows but lacks detail in the high- 
lights; or else the exposure is adjusted for the high 
lights, when these bring out the details, but the shad 
ows appear ink black It is impossible to bring out 


both 


ights and shadows together. A remedy seems 
to be found in a new process described by Mortimer 
ind recently improved and tested by O. Mente, and 
noted in a recent number of Prometheus, The silver 
bromide paper is simultaneously exposed and devel 
oped, using an enlarging apparatus fitted with arti 
ficial light and condenser The copying paper 1s 
dipped in a developer to which glycerine has been 
added, is placed in the enlarging camera, and given 2 
short exposure such as is required to properly bring 
out the shadows. The exposure is then stopp by 
placing a mat red glass in front of the objectis in 
the diffuse inactinic light which is thus transmitted 
the development of the shadows can be closely fol- 


lowed with the eye. The paper is now remoistened 
with a broad brush, and a furiher exposure is civen, 
of about fifteen times the duration previously ven 
fer copying the highlights in the picture; in this 
process the shadows remain almost unchanged nee 
the reduced silver underlying these portions from the 
previous development protects them from furtl eX- 
posure. The process is said to be easily cat I 


and to be almost universally successful. 


We learn from the Trinidad Royal Gazette at 
beginning July Ist, 1911, standard time, four rs 
ater than Greenwich mean time, was officially 
viopted in the colonies of Trinidad and Tobago 1s 
change was part of the programme of adopting un! 
form time throughout the British West Indi¢ and 


British Guiana. 
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Substitution of Lumber 


How Inferior Material is Passed Off for Better 











4 iruik is something that is offered or sold apart the so-called mahoganies and substitues for other substituted for it. Chief among these may be men- 
n inoth material rhere are many kinds wood after they have been properly stained and fin tioned lodgepole pine (Pinus Murrayana):; knobcone 
ught and sold that are designed to take ished. Users of ebony, cocobola (leguminous tree), pine (Pinus muricata); Chihuahua pine (Pinus chi 
the iunother, usually of a superior kind. Thus, sandalwood, orange (Citrus vulgaris) and box must huahuana), and Arizona pine (Pinus arizonica). 
a i (Populus deltoides), sold as basswood be on the constant lookout to avoid inferior substi- Red spruce (Picea rubens) The shades of differ- 
(7 ana), is a commercial substitute, but it tutes. Caution must be exercised also to avoid sub- ence that separate the wood of red spruce from that 
ot gquivalent substitute, which should be timber stitutes for woods used in the medical profession, of white spruce (Picea canadensis) and black spruce 
neal juite equal or similar in its commercial such as cinchona (Cinchona calisaya), witch-hazel (Picea mariana) are so slight that they are seldom 
va he one it replaces The contractor may in (Hamamelis virginiana), and woods from which cer- recognized. Black spruce is not very important com 
ieet ecifications for white oak (Quercus alba) tain dyes and resinous substances are obtained. mercially. Both the black and white spruces have 
subst ir oak (Quercus macrocarpa) as an equiva- There are less than one hundred native woods that’ shorter fibers and are less desirable for the purpose 
lent ute If Douglas fir (Pseudotsuga tarifolia) are commercially important, and one can but be aston for which red spruce is chiefly used, namely, for paper 
we red when western vellow pine (Pinus pon- ished at the amount of substitution there is constantls pulp. Another substitution for red spruce is balsam 
alled for. this would be a kind of substi- going on, and almost invariably without the knowledge fir (Abies balsamea), but chiefly for use in the pulp 
tut t is unequivalent or fraudulent substitution. of the consumer. So closely do some of these woods mills. Formerly balsam fir was rejected, but through 
I g phase of the subject that this paper resemble each other, that an expert is often baffled and the persistent effort on the part of lumbermen to mix 
tit als confounded in attempting to tell them apart. Some balsam fir with spruce the paper mills have con 
\ it ijority of wood users are not aware of of the chief woods for which other woods are fre- ceded to accept a certain percentage. 
the « ; amount of unequivalent substitution that quently substituted are as follows: Hickory (Hickoria alba).—The kind preferred by 
is ! nily going on, even with our most common White pine (Pinus strobus) The lumber of young hickory users is the mockernut or white hickory, but 
ative ercial woods Although the literature of trees of red pine (Pinus resinosa) having large pro- the wood of shagbark (Hicoria ovata) and pignut 
the rade is not filled with exposures of very portion of sap, is often sold as white pine; older trees (hickory) (Hicoria glabra) so closely resemble the 
' positions on the buying public, the facts frequently develop reddish heartwood, a character often mockernut that it is very difficult to distinguish the 
. P s remain, and no one is perhaps. better precluding its substitution for white pine. Sugar pine three kinds in a pile of lumber. In most cases all 
n the enormity of the problem, and extent (Pinus lambertiana) is at present shipped to Eastern the merchantable trees are cut regardless of species, 
uch unequivalent substitutions are know- markets, and is invariably retailed as white pine. and the wood sold for whatever kind the purchaser 
nz tised, than the men who are frequently called Expert graders occasionally select lumber from the happens to ask. 
on ike identifications for wood-using concerns western yellow pine (Pinus ponderosa) and from Douz- Common cottonwood (Populus deltoides) is the prin 
rhere owever, a great deal of substitution that las fir (Pseudotsuga tarifolia) in carload lots which cipal species of the cottonwoods, and is largely used 
vi y unintentional Yet ignorance or indiffer- are sold as white pine. Western white pine (Pinus for making crates and packing boxes. The wood of 
nee on tl art of one placed in a responsible position monticola) is also a very common substitute for east certain species of willows (Salix) are substituted for 
d » should know is hardly excusable. The reasons ern white pine. cottonwood, but only to a very limited extent. The 
) e numerous, and often more or less corm- Longleaf pine (Pinus palustris).—Chief among the growing scarcity of basswood (Tilia americana) has 
sted rhe careless use of common names is per- substitutes for this species is loblolly pine (Pinus attracted the attention of a certain class of wood users 
aps tl \ief cause Yellow pine is a name applied taeda) Probably no two timbers in this country are who are now testing cottonwood with a view to use 
il » less than six species of pines; and when so often confounded as these, and it requires an expert it in place of basswood 
, ber deal alls for yellow pine, the whole- to tell them apart Sometimes they are so nearly ’aper birch (Betula papyrifera) has a wide range 
" ible to fill the order with any one of the alike that it is impossible to separate them without of distribution and is used for a great variety of 
alf n kinds he has in stock lhe dealer gen the aid of the compound microscope. Shortleaf nine purposes. The yellow birch (Betula lutea) and sweet 
the kind which yields him the largest (Pinus echinata) is difficult to be distinguished from birch (Betula lenta) are also widely distributed, and 
fi In a rea nany cases local dealers do not longleaf pine, especially the timber of old. mature their woods are sold one for the other. The wood of 
kno | stinguishing characteristics of the various trees, which is invariably mixed with and sold as long- the different species are seldom kept separate, and 
( \ ( indling, nor are they particulariy leaf pine The persistent efforts on the part of mill only experts can tell them apart. 
! ( ng as they are able to sell satisfactorily men to mix shortleaf and loblolly with longleaf pink White oak (Quercus alba) It is often difficult to 
ha ve in stock It is the same in the case has caused controversies without end One species tn distinguish the woods of the different oaks belonging 
is it is in all other cases where unfair means the South Atlantic and Gulf States that may be re- to the so-called white oak group. Among the chief 
ul t d to obtain a large profit, the general pub garded as an equivalent to longleaf is slash pine (Pinus kinds that are frequently substituted for white oak 
] i ay for it Large concerns having special heterophylla). The wood of this species is harder are cow oak (Quercus michauzii), swamp white oak 
ses ertain woods usually have competent men ind more durable than that of longleaf pine Elliot’s (Quercus platanoides), chinquapin oak (Quercus acu 
. ill woods before they are accepted, and at pine (Pinus clliotii) in extreme southern Florida, ts minata), chestnut oak (Quercus prinus), overcup oak 
herefore, not obliged to pay for what they do not another equivalent substitute, but the wood mav be (Quercus lyrata), and bur oak (Quercus macrocarpa). 
get. If it costs $200 per 1,000 feet to get mahogany readily distinguished from that of the other southern These oaks possess similar or nearly similar proper- 
Swiet nahagoni) from Honduras to the local nines by its extreme hardness and very resinous char ties, and the purchasers are likely to get any one of 
larket ind $75 for crab wood (Carapa quiensis) acter. these on the market when they specify white oak 
rom British Guiana to similar markets, it does not Western yellow pine (Pinus ponderosa) This is It is more difficult to substitute woods of the red oak 
seem fair to charge the general public as much for (he most important so-called yellow pine in the Rocky group without being detected. Chief among these are 
he crab wood as for the mahogany, simply because Mountain and Pacific Coast regions, and is sold in red oak (Quercus rubra), Texan oak (Quercus terana), 
he , 100ses to apply the name “mahogany” to practically every retail lumber yard west vf the searlet oak (Quercus coccinea), yellow oak (Quercus 
the inferior crab wood. Numerous cases of this kind Mississinni River. The supply is by no means lim- velutina), pin oak (Quercus palustris), and Spanish 
ould be cited ited. and the prices for the different grades have not oak (Quercus digitata 
Substitutions of timber are practiced the world over. soared above that of other timber of similar or nearly The importance of this problem can be comprehended 
This specially true with certain useful kinds of similar importance. There are, however, certain spe only by men who have practical experience in con 
imbe no becoming carce, such as mahogany, cies of pines that are being substitued. but th‘s chiefly nection with the identification of woods and the litera 
I (Jiospuros henum), andalwood (Santalum takes place in the mills or at the place from whien ture bearing thereon The literature is as vet very 
ox (B cmpervirens), and rosewood the lumber is originally shipned Jefferv pine (Pinus limited, for the reason that until the present a study 
Dat ‘ nigra) Dealers in faney eods are often effreni) and western vellow p’ne are seldom kept sen of wood structure for the purpose of identification has 
nat ) distinguish what woods they have in stock, arate. for this is hardly expected in a case where the received very little attention. It is the man with the 
ase of mahogany alone there are fully two species are so closely related that certain botanists compound microscope and with a microtome that cuts 
e differes voods now sold for this timber, coneede to the fact that they are one and the san microscopic sections of wood one twenty-five-hundredth 
an ten different species that are known species Practically all the timber of vel'low pines of an inch in thickness who can tell wood users 
I rh ayman is still less able to te!l vrowing within the range of western yellow pine are whether a certain sample is true to name or: not. 
a > 
Measuring the Strength of a Magnet made of brass or other non-magnetic material. The nese railways will be very large. He says that the 
ry , arative strengths of horseshoe magnets instrument is placed with the zero mark opposite one estimated amount of new rolling stock to be placed 
tnd adual loss of strength by the same magnet pole of the magnet and the disk is turned until the on the government lines in that country between 
al measured with a simple magnetoscope, force of the spring overcomes the attraction of the 1910 and 1923 consists of more than 500 locomotives, 
magnet, when the needle sudden'y flies back to the 750 passengers cars, and 9,300 freight cars, to cost 
(displaced) zero The number of the scale division about $13,450,000. This amount will be needed prior 
at which the needle stood immediately before the to the completion of the broad gage line between 
rupture of equilibrium is a measure of the strength Tokyo and Shimonoseki, probably to be commenced 
of the magnet. This number may be inscribed on the next year, while almost twice as much will likely be 
magnet to serve as a standard of reference in com- required after its opening, some time around 1925 
paring it with other magnets and in future tes's made In addition to this, considerable quantities of rolling 
for the purpose of determining whether, and to what stock will be demanded each year by light railways, 
extent, it has lost magnetism.—La Nature the construction of which by private companies is 
encouraged by the government. Seventeen or eighteen 
Rolling Stock of Japanese Railways companies were organized for this purpose only last 
Simple Magnetoscope Koraro TANAKA, a director and the manager of the’ year, the total mileage of the lines projected by them 
Japan Rolling Stock Co. (Mihon Sharyo Kwaisha), being about 230. Mr. Tanaka says that with the en 
’ t graduated disk which is attached te in an article on the fiture of the rolling-steck in- larged demand for rolling stock domestic manufas 
* Sia bearings in a bridge connecting dustry in Japan, contributed to the journal, Industrial tures will be stimulated to increase their output. He 
the | I magnet At the center of the disk is Japan (Kogyo no Dainihon) of May Ist, states that urges that they should endeavor to prevent the ne- 
a stee hich is brought back to the zero mark the amount of rolling stock which will be required in cessity for the further importation of foreign railway 
by a s pring. All parts except the needle are’ the near future as a result of the expansion of Japa- supplies.—Railway and Engineering Review. 
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The Spectroheliograph 


The Most Important Instrument in the Study of Solar Physics 


rue most powerful instrument in the hands of the 
olar physicist the sp oheliograph, The following 
description of the instrument iken from A nowledae 
The focal image of the in rmed by an object-glass 
of very long focus made to fall on the slit plate of a 
spectroscope, the lit of which greater in length 
than the diameter of the image falling upon it As 
the object-glass has a long focus, that of the colli- 
mating lens must be proportionally long The dia- 
gram (Fig. 1 shows the optical contents of the prism 


box of the Mount Wilson Rumford” spectrohelio 


graph (' is the tube of the iliimator: 2) was for 
merly a plane mirror, but is now replaced by a dif- 
fraction grating ruled with twenty thousand lines to 
the inch: P P two light flint glass prisms 60 degree 


ingle rhe spectrum, instead of being examined with 


a telescope, is caused to fall upon the sensitized plate 
which replaces the eyepiece of the observing tele 
scope Before reaching the plate, however, it is in 
tercepted by a second sli vhich uts off all the light 
save that passing through the tiny port’on of the spec 
trum required ay the K line of Calcium, or the C 
line of Hydrogen The image of the sun travels 
slowly across the first slit, and the photographic plate 
is caused to travel behind the second slit, by clock 
work, at a corresponding rate [wo exposures ars 


made when prominences and disk are to be photo 


graphed A slower exposure for the prominences, the 
disk being hidden by a screen, and a second rapid ex 
posure, when the screen removed, for the disk 
The total deflection of the ay 180 degrees, the 
prisms doing the double work of increasing the dis- 
persion, and getting rid of the mall amount of scat 
tered light caused by the diffraction plate Hydrogen 
prominences and flocculi are best studied in photo- 
graphs taken in the red light of C The greater the 
density of the gas or vapor causing a line, the greate 
also is the width of the line The closer a vapor is 
to the sun, the greater is its density also Hence 


it is found that by taking photographs with the light 
of the middle of a line and comparing it with that of 


the edges of the line a different image is obtained 


By Frank C. Dennett 


Che photograph obtained with the center of the line 


is largely that of the upper clouds, while that with 
the edge of the line is a picture of the lower, denser 
masses 

rhe spectroheliogram here reproduced from our con 
temporary Anowledge was obtained by Professor 


George E. Hale, at Mount Wilson, on July 17th, 


qy its, 
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Fig. | Diagram of the Principal Parts of the Spec 
roheliograph ( collimator tube; D mirror or 
diffraction grating; P P glass prisms. 


1907, in the light of calcium The prominences around 
the southern hemisphere are very fine. The tall tree 
form on the southwestern limb has an altitude of 
eighty-seven thousand miles The beautiful double 
arch southeast extends over a distance of two hun- 
dred and thirty-four thousand miles, the taller arch 
being fifty-five thousand miles high, while the cloudi 
ness over the southern arch reaches over eighty-two 
thousand miles in height. The great calcium clouds, 
or flocculi, over the faculae of the great group near 
the center cover an area over one hundred and 
thirty-seven thousand miles east to west. 


The Paleeontologist’'s View of Evolution 

IN his studies of evolution Prof. Henry Fair- 
field Osborn, president of the American Museum of 
Natural History, has long held out against the strict 

















Fig. 2,—Spectroheliogram of the Sun. Photograph 


Prepared by Prof, G. E. Hale of Mount Wilson 


Observatory, 


Darwinians or selectionists on the one hand. anq 
against the DeVriesians or mutationists on the her 
He has laid special stress on the geological « nee 
of “definite variations’ and of the tendency ini 
mals to evolve in some definite direction pa 
leontologist is, he maintains, “practically in tal 
as an observer, since his range of observatt eX 
tends over tremendous stretches of time; wher the 
botanist or the zodlogist gets but fleeting glim if 
the fundamental processes of transformatior lhe 
former gets the impression of continuity and de tinits 
tendency of evolution; the latter get the idea lis 
continuity, and of direction determined only vse 
lection. 

After taking exception to the use of the tern mu 
tation” by DeVries to designate discontinuous varia- 
tions or “saltations”—since this term was used by 
Waagen in 1869 to designate the stages in a coutinu 
ous process of evolution, Osborn admits that recent 


experiments and discoveries in Mendelian phenomena 
have greatly strengthened the doctrine of discontinu 
ous evolution. He harmonizes the two extre itti 
tudes by claiming that the normal process is a con 
tinuous one and admitting that under exceptional con 
ditions new characters may arise suddenly 

These reflections arise from his study of the Titano- 
theres, which furnish the most complete body na 
terial of any extinct family of mammals. Since both 
biologists and palwontologists agree that the trans 
formation in the germ is the essential factor in evo 
lution, Osborn leaves out of consideration phenomena 
resulting from the action of the environment upon the 
developing organism or from the action of selection 
upon a succession of organisms In the animals con- 
sidered he finds four kinds of changes to have taken 
place: 

1. Increase of Size. This is almost universal for 
this family, although not so for all mammals. nor 
even for all herbivores. 

2. Loss of Parts. This principle is more prominent 
in some other families of mammals. 

3. Changes of Proportions. This is the most prom! 
nent and the most significant principle observed in 
this group. These changes are designated ‘“Allomet 
ric” by Osborn; and new parts originating by this 
process he calls “Allometrons Allometrons aris¢ 
independently of remote ancestral hereditary control 
It is not clear from Osborn’s description that in this 
respect the allometrons are anything but discontin 
uously originating unit characters of the mutationists 
But he insists that they are continuous in their ori 
gin, as shown by measurements made on long series 
of specimens. 

1. Rectigradations. These are adaptive origins of 
new characters in a definite direction, as exemplified 
by the cusps on the teeth, or new horns on the skull 
In regard to the rectigradations Osborn enunciates 
four principles: 

(a) They appear under the law of ancestral heredi- 
tary control, the same character arising independently 
at different points in the lines of descent from com 
mon ancestors. 

(b) They are continuous, arising from minute be 
ginnings and developing to the stage of usefulness. 
This principle had been previously described hy Os- 
born, especially for the horse family, as “definite 
variation.” 

(c) They are subject to the influence of surre ind 
ind parts, as the shape of the base of the horn may 


be influenced by the general proportions of the skull 

(d) They are probably subject to fluctuation 
From these studies, as from earlier studies h 
fossils of horses and their ancestors and of other 
lines of mammals, Osborn is confirmed in his view that 
ot 


the law of continuity, “of orderly and in a set 
predetermined transformation can now be established 


beyond refutation.” His general reconciliation ap 
parently conflicting views he expresses in the follow- 
ing words: 

“The normal development of unit charact« s A 
continuous progress; under certain abnormal ndi 
tions, as of sudden change of environment, « alt 
new unit characters may appear suddenly; the «ross 
breeding of pure natural races in which unit rac 
ters have been built up by continuous processes iks 
up these unit characters into a mosaic and giv se 
to the larger part of the apparently saltatory lis- 

DY 


continuous phenomena which are being obser 
the modern experimentalists.” He believes that if 
the experimentalists should confine their operations 
to pure races they would find only continuous series 
of characters. 
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The Lost Eros of Praxiteles 


Antique Masterpieces Recovered from the Ocean Bed 





Ful tails have recently been published of one 
of the st curious and important archeological dis- 
coveri f modern times 

Spo! fishing is an ancient practice in the Guif 
of Sy! on the northern coast of Africa, and the 
divers quently descend to a depth of 130 feet. In 
June one of these men, diving at a distance 
of thr jiles from the coast, northeast of the little 
town lalidia, came across a strange collection of 
tust of Ilermes, Forming the Headpiece of a Pillar. 


lhe Work of Boéthos of Chalcedon. 


bronze and marble objects half buried in the ooze of 





the ovean bed Some of these having been offered 
for sale to the Museum of Antiquities of Tunis, this 
led to a methodical investigation under the auspices 
of the French and Tunisian governments together with 
the Academy of Belle-Lettres and Inscriptions. The 
vork was directed by M. Alfred Merlin, head of the 
museum, assisted by M. Poinssot, and was carried on 
in the summers of 1908, 1909 and 1910. 

One of the most recent finds in this remarkable 
treasure trove is an exquisitely beautiful statue of 
Eros which has been proved beyond a doubt to be, if 
not the original, at any rate a faithful replica, of the 
famous lost Kros modeled by the mighty hand cf 
Praxiteles. Though broken into many fragments and 
buried beneath a marble column when found, it has 
been very carefully reconstructed and tallies exactly 

even minutely—with the detailed description given 

r nen 














Grotesque Figtre, 


by Callistratus of the statue of Eros the Archer by 
Praxiteles. 

The bronze, which is now one of the chief orna- 
ments of the Museum of Bardos, is about 4 feet 7 
inches in height The god, winged and nude, stands 
with the weight of the body resting on the left foot 
in an attitude which brings out the curve of the 
hip. The right leg is slightly bent and the position 
of the toes shows that the ground on which they rested 
was uneven. 

The right arm is raised and flexed, the hand being 
raised to the forehead. The left arm is missing, but 
the slope of the shoulder shows it was lowered and 
Callistratus tells us it held a bow. 

The modeling of the body is very perfectly finished, 
that of the head somewhat less so Portions of the 
wings remain. 

MM. Merlin and Poinssot remark that the sculptor 
has represented the figure in an attitude halfway be 
tween repose and action The wings seem to beat 
the air, the hair waves in the wind, the face gazes 
eagerly toward some invisible goal 

There is perfect harmony between the attitude and 
the physical aspect. The body is that of a youth 
whose limbs, slender but vigorous, show the training 
of the athlete. The face, strongly cut, and a trifle 
willful, shows the eager boy, full of spirit, and glory- 
ing in his physical strength. 

Second only to this in historic importance and ar- 
tistic value is a Hermes of Dionysos, i. e., a sort of 
pillar or boundary stone surmounted by a head of the 
divinity. The pedestal is hollow and partly filled 
with lead to give it stability. The head presents an 
archaic aspect with its hair arranged in stiff cork- 
screw curls. The face, on the other hand, is noble of 
expression as in the classic age. This discrepancy 
would make it difficult to determine to what epoch 
the statue belongs, but that fortunately the sculptor, 
Boéthos of Chalcedon, has inscribed his name upon if. 
Boéthos lived in the second century B. C., and was 
highly valued by the ancients, Pliny in particular 
praising’ him in the highest terms. Many writers 
have described his principal works, of which one has 
been often copied and contributed much to his reputa 
tion. This is the well-known “Boy with the Goose,” 
an antique copy of which in marble is to be found in 
the Louvre The Dionysos just discovered is, how 
ever, the only one of his original works which has 
descended to us. 

Among other artistic treasures found are two bronze 
cornices of much elegance, representing Ariadne and 
Dionysos 

A fine bust of Athena also deserves special men- 
tion. The goddess wears a tunic, which leaves the 
neck partly exposed, and bears the Gorgoris head 
shield. On her head is a casque of striking design 
from which three gracefully floating streamers fall 
to the shoulders. This bust, which measures only 
seven inches in height, must have been used as an 
applique or ornament for some article of furniture, 
as was also a similar one of Artemis carrying a quiver 
on his shoulder. Many other appliques were found rep- 
resenting various subjects and numerous fragments of 
the beds, chairs, etc., which they adorned, were also 
discovered, so that it is hoped that examples of the 
furniture of the period can be restored. 

These articles recall those found at Pompeii. Among 
the interesting bronzes are two statuettes, somewhat 
damaged, which represent the personages of a lampa- 
drome, i. e., one of those torch races which were 
so frequent a feature at ancient fetes. The two figures 
differ somewhat. In one the runner is shown in full 
course, in the other the artist has seized the moment 
when the lampadephore pauses to pass his torch to 
another runner. These bronzes were used as lamps, 
the head and top of the body joining a reservoir for 
the oil which ran into the extended arm and torch to 
feed the wick. 

The marbles are fewer and of less value than the 
bronzes. They comprise fragments of statues larger 
than life-heads of fauns and satyrs, torsos of men, 
ete., and also statuettes, dancing cupid, ete., all 
rather mediocre. 

One charming head of Aphrodite deserves mention, 
however, for its somewhat pensive sweetness. The 
shoulders are much corroded by the action of marine 
animals. 

The careful examination of numerous fragments of 
white marble evidently belonging to two or three 
large vases led to the discovery that one of these 
was an exact replica of the Borghesé vase now in the 
Louvre, and another is a copy of one in the Campo 
Santo of Pisa. Both are ornamented with Bacchic 


scenes, 


Two hypotheses to account for the presence of these 
objects of art in the sea presented themselves—that 
of a submerged city and that of a shipwrecked vessel 
The former seemed at first the more plausible because 
of a number of marble columns besides such things 
as slabs of marble, tiles, pieces of pipe, bolts and rivets 
of bronze, etc., which were found, together with the 
statues. 

jut further investigation proved that the theory 





Marble Bust of Aphrodite. 


of a wreck offered the true solution. In the first 
place only one group of columns was found, and these, 
which are sixty in number and not fluted, are dis- 
posed in regular order with their lonic capitals all 
at one end. Secondly, the limited area of the deposit 
and the discovery of five leaden anchors at one end 
confirms the conviction that these were treasures 
meant for some public building or magnificent private 
house in Rome and were lost in transit by the wreck 
of the bark conveying them. 

Since the vessel was of the modest dimensions of 
100 feet in length by some 25 feet beam, and its con 
tents are computed to have weighed 400 tons, its wreck- 
age is not surprising. One of the anchors was raised 
with immense difficulty and found to weigh 1,509 
pounds. It is of a type familiar through manv dis 
coveries in France, Spain, and Cyrenaica. 

Among the articles on board were a large numbe-: 
of utensils for daily needs, such as amphorae and jars 
for water, wine, oil and food. In one of these a quan 
tity of peas was found. 

















Bronze Eros of Praxiteles. 

















Eros Playing the Lyre—A Very Fine Bronze, 
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But most precious of all such household convenj- into the eternal sleep of death. The comprehensive 
ences is the lamp, dating from the second century B. C statistics collected by the German Surgical Society 
and obviously in actual use at the time me t ill give one death for each 2,075 inhalations of chloro- 
ontains a bit of charred ich form and one death for each 5,112 inhalations of ether. 

La Vie Jllustrée relat , iriou neident in th it is not surprising, therefore, that surgeons have 
connection. When M. Merlin presented his monograph sought methods of avoiding the dangers of narcosis 
before the Academy of Belle-Lettres and Inscriptions vithout depriving their patients of the benefits of 
a venerable member arose and with trembling voice inaesthesia. The first object sought was to substitute 
inquired whether the wick was of cotton For 50 years ocal for general anaesthesia This was first accom- 
he said. he had been trying to find out whether the plished by freezing the skin by means of a spray of 
ancients used cotton wie wut had failed for lack of ether or ethyl chloride. This method suffices only for 
evidence This point will doubtk be settled by th mall and superficial operations, such as the lancing 
microscope of boils, and it has the disadvantage of producing 

In conclusion M. Merlin hazards the conjecture that evere pain while the frozen flesh is thawing. The 
these treasure meant to adorn Imperial Rome had ntroduction of the new anaesthetic cocaine into ocu- 
been collected by the elebrated uler Iuba Il. of lists’ practice was of great benefit to general surgery. 
Mauretania Che infiltration method of producing local anaesthesia 

vith the aid of cocaine was developed by Reclus and 
= Schleich In this method a solution of cocaine is in- 
The Plague in Manchuria ected into the skin and the subcutancous tissue, which 

No VERBAI lescription in give oO vivid and grue s thus greatly nflated and wollen Operations can 
some an impression of the recent plague in Manchuria be performed without pain in this infiltrated tissue 
hich now happil onquered, as i mmive d by Ihe ery poisonous haracter of cocaine and the dif- 
the photographs of meral pyr vith he harred fleulty especially he operations on tumors, of dis- 
bones of hundreds of men and horses protruding fro nguishing he diseased and normal parts of the 
their ashes, of victims tricken by the wayside and ollen ssue led Oberst, Hackenbruch, and notably 
hastily borne to the pest house to die and of other I. Braun, to modif he process in various ways: by 
ghastly scene of death and suffering A few of the hange n the methods of application, by the ubsti- 

Reception Room in a Pest House 
a 
Disinfecting a Physician. Corpse Bearers 
‘ PLAGUE SCENES IN MANCHURIA., 

more interesting and es horrible rf hese yhoto ition for ocaine of les poisonous agents, and by 
graphs are here reproduced from Die Umschau. The he addiiion of extracts of the adrenal glands to the 
physicians, nurse ind attendants who risked thetr anaesthetic solution The direct infiltration of the 
lives in the service of humanity during the lague issue was replaced by injecting the solution in a cir- 
are deserving of the highest praise and admiration. le surrounding the field of operation, or in operations 
The fact that few of these heroes died due to the m the fingers and toes, by injecting at the base of the 
extraordinary and minute precautions against on- member around the four principal nerve trunks, and 
tagion which they observed All wore gloves and thus interrupting the communication of sensation to 
loose coats and trousers which could be washed. The the brain The addition of minute quantities of ex- 
mouth and nose were protected by Is and even the act of the adrenal glands increases the anaesthetic 
hair was covered. On leaving the hospital every phy effect so greatly that the volume and strength of the 
sicilan and attendant was immediate prayed with poisonous solution can be very much diminished, and 
disinfectants, by a man ta ned outside In his ilso prolongs the effect o that no pain is felt for 
and other ways the dreadfu courge ha wossibly pro hours after the operation The astringent action of 
duced one good result— the inculeation of an idea of the adrenalin extract, furthermore, makes the opera- 
the importance of clean ind sanitation in the tion almost bloodless. Finally, A Bier discovered that 
minds of the filthy native by the injection of such solutions directly into a blood 

vessel in a member which had previously been made 

hy] ’ wwial 
Modern Methods of Angzesthesia in Surgery ee SS reg — meter, the whole member 

could be made so insensible that the most extensive 

Cur two well-known anaesthetics—ether and chloro operations, including amputation, and cutting and saw- 
form-—have done much for the development of opera ng bones, could be performed without pain. 
tive surgery since their introduction in 1846 and 1847 “By these improvements,” says Dr. Richard von 

Only under the protection of anaesthesia, which af Hippel, in Die Umschau, “the method of local anaes- 
fords the operator opportunity for calm and uninter- thesia has gradually extended its field of operation. 
rupted work, is it possible to employ the very intri This field is, however, necessarily limited. The pa- 
cate and slow methods of operation which are now tient remains conscious, so that his mental power 
used hundreds of times daily for the relief of human of endurance is always to be reckoned with and, for 
suffering These anaesthetics are poisonous, and have reasons of operative technique, the method must be 
the power to paralyze re heart and the organs of confined to typical operations, the course of which 
respiration, as well as the centers of sensation and can be clearly foreseen. Within its own field of oper- 
consciousness. Their use, therefore, involves the dan ation, however, this method is preferable to all others, 


ger that the beneficent sleep of unconsciousness may pass 


because of its entire freedom from danger. 
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The name of A. Bier is also connected with 
method in which the entire lower half of th 
made insensible by interrupting communication 
trunks it 
is accomplished injecting 
or its into the 
bathes of the nervy nd 
them. effect wonderful. Th: st 
can be performed in a 

without producing the 


the nerve which 


This object 


connect with the n 


by solut f 


cocaine substitutes spinal cord } 
the roots 
The 


operations 


solution sensory 


paralyzes is 
extensive 
below the 
sation. 


Unfortunately, 


navel 


slight ” 


the 


many 


however, method has inv 


serious disadvantages. In cases its 


tion is followed by very severe headaches, wh n 
tinue for days, and it has proven so dangerous 

application is now confined by most surgeons t 
inadmij 


insufficient « 


in which general anaesthesia is 


3s! y 1 
strictly local anaesthesia is 
ble 


advantages, 


r im 


Possibly the process, which possesses many creat 


may yet be improved and its field oft 
cation enlarged. 
the methods 


been 


“In the last decade, also, 


of prod ne 
inaesthesia have greatly ir 
Korff 
injections of small quantities of scopolamine ar 
the skin it 
minutes, general 


general 


Schneiderlin and have shown that by re ted 


phine beneath is possible to 


prod 
anaesthesia of 
be 
If this method were entirely 


about ninety 


ent intensity to enable operations to pert led 


vithout pain. free 


rom 


would constitute a advance, 
the attendance of a skilled assistar 
th e 


injection of 


danger it great as 


penses with 
dangerous 

The 
small 
preparation 


n its original form, it is far 
of ether 


morphine, in 


more 


employment or chloroform. 
doses 


the prod 
anaesthesia by inhalation of ether or chloro 


copolamine and very 


forms a useful for 


ot 


ever, very 
ion 
lorm 

rhe 


amine 


patient treated with morphine and copo 
comes to the operating table in a calm, drowsy 
condition, requires comparatively small 
ethe 


and 


quanti 
chloroform to 
ifter the 


first severe pain of his wound has passed away 


r or produce complete anaest! " 


leeps operation for hours and unti 


Attempts to introduce ether or chloroform, di# 
solved in a saline solution, directly into the blood 
vere made last year by Burkhardt, but have not vet 


led to any satisfactory results, as the method involv: 


the danger of carrying blood clots into the lungs No 
better success has been obtained from recent repeti 
tions of the old attempts to produce anaesthesia by 
the introduction of ether vapor into the rectum, a 
method which would be very useful in operations on 
the face, head and neck. 

Recent efforts to diminish the dangers of ether 


ind chloroform anaesthesia by improvements ir 


od have been more successful It was formerly the 
practice to pour the anaesthetic in large quantiti 

ipon the mask, and to apply ether to the mouth and 
nose by means of masks which completely excluded 
the air In this way the production of anaesthesia 


Ni 


the patient was to 
Furthermore, thy 


more quickly, but 
of suffocation 
great concentration of the chloroform and ether vapors 
with which the organism overwhelmed was at 
tended by danger. Sudden deaths 
page of the heart in the first stage of chloroform nar 
cosis, and the production of fatal inflammation of the 
lungs by ether, due chiefly to these incorrect 
methods of application. These dangers are now avoid 
ed 
which 


s produc ed 


tured by the fear 


was 


serious by stop 


were 


porous Wasn 


by dropping the anaesthetic 
entrance of 


upon a 
air. The 
inhalation, 


free 
with 
thesia is produced less rapidly, but the danger to the 
heart and lungs is greatly diminished sy 
special forms of apparatus, which, on account of 


allows vapor ire 


thus mixed air before and anaes- 


means 


great cost, weight and size are suitable only for hos 
pital the of chloroform or 
mixed in any proportion with 
stimulating 


use, vapor ether can be 


desired oxygen 


when inhaled, exerts a very action n 


the whole organism. The use of chloroform and 
has also 
first 


narcotics 


in combination or in alternation proved 


brought 


the methods 


ful, is 
half 


described 


especially if the patient 


sleep by means of by 
above. 

‘The quantity of the anaesthetic can also be re ed 
Klapp’s method of diminishing 
blood to be saturated with it. This 
by applying tight elastic bandages to the arms and 
legs, or to the legs alone. The blood in the mem 
thus isolated free from 
and the quantity of blood in circulation is con 
ably diminished, so that a comparatively smal 

tity of the anaesthetic saturates it sufficiently to ( 
duce the required benumbing effect upon the 
At the close of the operation, or in any emerg v, 
the bandages are loosened, and the pure blood 
back from the arms and legs, mixes with the genera! 
circulation and immediately diminishes the reiatl\ 


by the quantity 


is accomplished 


remains chloroform or 


proportion of chloroform or ether so greatly th 
danger of an overdose can be promptly averted 
“Finally, we may note that Sudeck has recalled at 
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tention to a valuable property of anaesthetics, espe- 
cially her. At the beginning of the inhalation of 
ether ng before consciousness is lost, there is a 
transient stage of complete painlessness, which lasts 
long ugh for the performance of brief operations. 
In th tage the patient usually has pleasant dreams, 


laughs, and talks incoherently. After the removal of 
the mask, he promptly awakens, is often conscious 
of what has been done, but says that he has felt no 
pain. This ether intoxication, which is absolutely free 
from danger, is now used very extensively in connec- 
tion with local anaesthesia. 
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“We see, then, that although the production of 
anaesthesia is even yet not entirely free from danger 
in all cases, we have at our disposal a number cf 
methods which, when carefully selected and applied, 
will reduce the danger to a minimum and will often 
eliminate it entirely.” 


Radium in Biology and Medicine 


Its Effect 


ri st study of the action of radium rays on pro 
topla as made by Schwartz, who exposed a hen's 
egg ng 144 hours to the radiations from 20 mill 
grams radium. The shell of the egg was blackened 
and vhite became turbid and less fluid, but the 
most arked effect was produced in the yolk, whicna 
also ame less fluid, assumed a yellowish green tint 
ind tted the odor of trimethylamine. Schwartz 
ittributed these changes to the decompos‘tion of leci 
thir he action of the rays and ascribed the phy- 


siological effects of radium to such decomposition. 
This view was confirmed by other observers, but 
Meserwitzki found that lecithin is similarly affected 
by t, acids and alkalies, and he consequently de 
nied the existence of any strictly specific influence of 
radiun He found, however, that injections of radio- 
active lecithin into living tissues produced the same 
changes that were caused by direct radiation. Apart 
from the practical interest of these observations, they 
suggest an explanation of the physiological effects or 
radium by the action of the decomposition products of 
lecithin, cholin, trimethylamine, phosphoric acid, ete. 
Injections of cholin have been found to produce ef- 
fects similar to those of radium radiation Those 
organs which are richest in lecithin appear the mos 


sensitive 


» radium, but the proportions of lecithin 
in various organs and tissues are not yet thoroughly 
known. On gelatine, according to Rudge, radium ex- 
erts no effect A thorough investigation of the action 
of radium on fats, carbohydrates, and salts is greatly 
needed. Orlow has observed decomposition of paraf- 
fine, fatty acids, etc., under the influence of radium. 

Poehl and Larchanow, who have exposed cerebrin, 

rin, venin and other extracts of animal organs to 
radium rays, suggest that the changes observed may 
have been caused by a generation of ozone, as well 
is by decomposition of lecithin. 

Other observers attribute the effects of radium ‘9 
a general disturbance of the chemical and mechanic 
processes of the cells, to the stimulation of ferments, 
et 

Action on Bacteria—The power of radium rays to 
arrest the development and the life of bacteria, both 
in laboratory cultures and in the living body, has been 
proved by many experimenters. The bactericidal ef- 
fect is due, not to changes produced in the culture 
medium or the air, but to a direct action of the rays on 
the bacteria. Among the bacteria thus affected are 
the germs of typhoid, cholera and splenic fever. Hoff- 
mann found that bacteria resisted the action of radium 
far better in liquid than in solid media, and that no 
appreciable effect was produced on a bouillon culture 
of anthrax germs by five days’ exposure to the radia- 
tion of 12 milligrams of radium. 

Goldberg, working in London’s laboratory with 
arger quantities of radium, proved that the bacteri 
idal effect increases with the amount of radium and 
that the three kinds of rays act in proportion to the 
readiness with which they are absorbed, the a rays 
being the most effective and the very penetrating y 
rays the least effective. The experiments were made 
by placing from 5 to 75 milligrams of radium salt be 
heath a flat glass dish containing a culture of bacteria 
nh agar and measuring the diameters of the sterile 
spots produced in from 5 to 8 hours. 

The bactericidal action of radium emanation has 
beer roved by Lanyse and also by Goldberg. In 
Goldberg's experiments a tube coated internally with 
in stratum of bacteria-infected agar was connected 
by a bent tube with a flask containing a solution of 
10 milligrams of radium bromide, from which radium 
emanation flowed continuously into the culture tube. 
The inoculated with typhoid remained sterile 
three days, and the anthrax tube six days, although 
colonies of bacteria developed rapidly in control tubes, 
not posed to the emanation. At least 8 hours’ action 
was required to destroy anthrax germs. Other ob- 
Servers have confirmed the bactericidal action of radium 
emanation, but have found that the effect is confined 
to a superficial stratum of the medium, not more than 
1/12 inch thick. 

Souchard and Balthazard find that radium emana- 
tion affects the chromogenic function of the pigment- 


on the Normal and the Diseased 


By Dr. E. S. London 


forming bacteria more powerfully than it affects their 
virulence and other properties Only pigments per- 
manently connected with the bacteria, as in the cage 


of Micrococcus prodigiosus, “the bleeding host” ba- 
cillus, are destroyed by the emanation, while pigments 
which diffuse in the liquid medium are little affected. 
When the bacteria are not killed their chromogenic 
function returns after a few transplantations. 

Most striking is the effect of radium on luminous 
bacteria London and Omeliansky found that the non 
luminous circle caused by the rays from a small mass 
of radium salt was separated from the general lumi 
nous surface of the agar by a ring of unusual bright- 
ness. The cause of this stimulating action is not 
known 

Lower Fungi Dauphin, who has examined the 
action of radium rays on Mortierella, Mucor and some 
other lower fungi, finds that the rays paralyze the 
growth of the mycelium of Mortierella, develop pro- 
tective cysts, and prevent the formation of spores, but 
kill neither the mycelium nor the spores, so that the 
normal properties of the fungus can be restored by) 
transplantation to a new medium. 

Ferments, Toxins and Antitoxins.—The experiments 
of London and others prove that radium acts In vari 
ous ways on various ferments and similar bodice 
paralyzing some, leaving others unaffected and stim 
ulating still others. Chymosin, invertin, emulsion, 
snake venom, hemolysin and typhoid agglutinin be 
long to the first class, pepsin, rennet, typsin, mallein 
and diphtheria toxin to the second; and trypsin (ac- 
cording to Danysz) to the third. 

Radium rays neither retard nor accelerate’ the 
coagulation of milk or blood, or the digestion of 
albumen by trypsin. Some observers found that the 
rays destroyed or diminished the virulence of rabies 
poison, both in the dried spinal cord of rabbits which 
had died of rabies and in rabbits inoculated with an 
emulsion of the dried cord, but Danysz found the rays 
neffective when applied to an emuls‘on of fresh spinal 


cord 

Plants and Low Animal Organisms Matout found 
that the germination of mustard and cress seeds was 
prevented by twenty-four hours’ exposure to radium 
rays. Goldberg, by applying the rays to sprouting 


beans, diminished the growth in the first week from 


4 or 6 inches to 1/10 or 1/20 inch Injurious effects 
of radium rays on the respiration and assimilation of 
older plants have also been observed. 

Amoebe are killed by twenty-four hours’ radiation 
and paralyzed by shorter exposure. Trypanozoma 
Brucei is killed by four hours exposure, according to 
some observers, while others assert that it is litt! 
affected by radium rays. Different species of lower 
animals, as of bacteria, appear to react to the rays 
in different ways london and Goldberg paralyzed, 
by four hours’ radiation, guinea pig spermatozoa sus 
pended in a serum in which they normally remained 


active several days, and Seldin destroyed most of 


the spermatozoa in the living animal by a few brief 
applications of the rays. 

Embryonal Development-xperiments with hens’ 
eggs and eggs and embryos of frogs and other animals 
show that radium rays can arrest development and 
cause abnormal growth. In unfertilized eggs the rays 
produce changes suggesting parthenogenesis, but the 
segmentation is irregular and soon ceases. 

Burke and Dubois claimed to have produced living 
organisms by exposing sterilized gelatine to radium 
rays, but the supposed organisms are regarded by 
other observers as crystals, or as air bubbles coated 
with a fine precipitate. 

Organs and Tissues.—The power of radium rays to 
cause inflammation and ulceration of the skin, first 
discovered by accident, has been abundantly confirmed 
by experiments on men and animals. A period of in- 
cubation, varying from a few days to several weeks, 
according to the intensity of the rays and the time 
of exposure, has been noted by all observers. The 
skin is astonishingly sensitive to the rays. Curie 
found that ten minutes’ exposure to rays that had 
traversed thick glass caused slight inflammation 
twenty days afterward, and London produced lasting 


Organism 


dark red discoloration by applying a pill box contain 
ing 18 milligrams of radium to the arm for fifteen 
seconds. The aggregate mass of the radiant particles 
that struck the skin in this interval was about one 
two-million-millionth of a gramme! 

In mice, radium applied to the brain produced con 
vulsions and partial paralysis. Symptoms of conges 
tion, and, in some cases, of hemorrhage, were found 
in the brain. The effects produced by radium on the 
peripheral nervous system have been little studied, 
ilthough radium has been found to allay pain in 
neuralgia, cystitis, gout, and other diseases. 

The effect of radium on the eye has been studied 
by London and others. The application of radium to 
the head produces a sensation of light in closed eyes, 
even those of blind persons who have not lost all 
sensitiveness to light 

By utilizing the power of radium to produce bright 
lines and figures, and also, with a special arrangement 
of apparatus, sharp shadows, on a fluorescent screen, 
London has enabled blind persons with incomplete 
atrophy of the retina to read and write. The same 
result can be obtained, with more difficulty, by the 
use of ordinary light. The sensation of light caused 
by radium rays entering the eye is due to fluorescence 
excited in the refractive media, and possibly in the 
retina, and also, perhaps, to direct stimulation of the 
visual center in the brain. The rays produce no ob- 
ervable change in the retina of a freshly killed 
animal. 

From a review of the observed action of radium 
rays on various organs, London draws the following 
conclusions: Every organ is affected in a _ specific 
manner by long-continued exposure. The lymphoid 
organs, such as the spleen and bone marrow, are most 
ensitive, and suffer destruction of the lymph cells. 
Radium rays destroy spermatozoa in the testicles an 
produce atrophy of the Graafian follicles in the ovaries 
Inflammation and atrophy are produced in various 
elements of the brain and spinal cord, necrosis of 
active cells and growth of connective tissue in the 
iver. In the kidneys intense radium rays cause 
necrosis, but weak rays merely produce great con 
gestion Muscular tissue is disintegrated, while the 
growth of cartilage is sometimes promoted. Degen 
erative changes are produced in the walls of the blood 
vessels. In general, stimulation is produced by small 
doses of radiation, necrosis and atrophy by large doses. 
Well-founded and concordant data exist, however, only 
for the skin, testicles and lymphoid organs. 

General Effects on Higher Animals.—In 1903 Danysz 
found that tubes containing radium, inserted beneath 
the skin of young animals, near the brain or spinal 
cord, produced symptoms of paralysis and ataxia in 
three hours, and tetanic convulsions in six hours 
London produced coma and partial paralysis in mice 
by four days’ exposure to radium rays. In May, 1904, 
London placed three rabbits in a small cage with a 
radium capsule. No effect was observed during the 
first fortnight. Local and general disturbances then 
appeared, and increased in severity until the rabbits 
died, in June, July and August of the following year 
Inflammation, ulceration and loss of hair, beginning 
with the ears, extended to the back, which finally 
became completely denuded. The animals began to 
grow sluggish and listless within a month In eight 
months disturbances appeared, and at last the hind 
legs became paralyzed and the rabbits dragged them 
selves along on their bellies with their forelegs. The 
retina and optic nerve were affected and toward the 
end the eyes were usually closed and covered with 
a thick secretion The female rabbit gave birth to 
three litters during the first year, after which the 
sexual impulse weakened, and finally vanished The 
weight of the animals increased until December, and 
then diminished. 

London confined frogs in bottles which contained a 
little water and were connected, permanently or inter 
mittently, with vessels in which radium emanation 
was generated. The morbid symptoms, which bega’ 
to appear on the sixth or seventh day, included slus- 
gishness, sleepiness, sliminess of the skin and diffi 
culty in respiration, which caused death in about a 
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The frogs were found to be strongly radio- 
after 


fortnight 
active throughout the experiment, and even 
death. Examination of the bodies revealed abnormal 
softness of the skin and dark color of the blood, scaling 
of the horny cuticle of the back, congestion of the 
dermal blood vessels, and degeneration of the glands 
and connective tissue of the skin 

Similar experiments, except that no water was put 
into the vessels, and the application of the emanation 
continued only a few hours, were made with suckling 
mice. No injurious effects were observed until the 
third day afterward, when the mice succumbed io 
asphyxia. 

Therapeutic Applications 
have been employed in the treatment of a number of 
application have 


Radioactive substances 
diseases, and various methods of 
been devised. 

Externally, the salts of radium, in greater or less 
purity, are employed to produce action at a distance, 
and are also applied directly to the surface and cavities 
of the body in the forms of powder and ointment and 
by means of compresses and tampons. Strebel devised 
the following method of treating cancers with radium 
emanation. Charcoal is heated to incandescence in a 
closed vessel, which is then evacuated with an air 
pump and connected with a small vessel containing 
radium salt which is heated In these conditions the 
emanation is very rapidly evolved and absorbed by 
the charcoal, which becomes strongly radioactive. 
The charcoal is strewn on cancerous surfaces or 
injected in the form of a glycerine suspension. 

Baths containing radium salts in solution act in 
part externally and in part by the entrance of radium 
emanation into the lungs 

Internally, radium emanation is administered by 
inhalation, and water impregnated with emanation is 
given by the mouth and by injection into the tissues. 
Emanation administered by the mouth is absorbed 
in the digestive tract, and appears to be eliminated 
chiefly through the lungs and bowels, little or none 
appearing in the urine, according to most observers. 

The good results obtained by Bulding and Sommer 
from inhalations of radium emanation in diseases of 
the respiratory tract have caused this method to be 
adopted Bulding’s inhalation ap- 
paratus the emanation is purified by water vapor and 
is inhaled in a moist state, while Sommer’s apparatus 


extensively In 


is so contrived that the emanation is introduced into 
the lungs in a perfectly dry condition. Loewenthal 
constructed an “emanatorium,” in which several per 
sons can receive the inhalation treatment for a num- 
ber of hours 

In 1905 Braunstein asserted that the internal parts 
injections of water 
containing radium emanation Aschoff impregnated 
brine with emanation by bringing it into contact with 
insoluble radioactive substances and injected this 
radioactive brine in doses increasing from 1 to 50 


of tumors could be affected by 


cubic centimeters. 

Diseases of the skin may be treated by direct appli- 
cation of radium salts, contained in an ebonite cap- 
sule.with a window of mica, which absorbs little of 
the radiation. The mica window is placed in con- 
tact with the diseased skin, and the surrounding parts 
are protected by wrapping the capsule with lead foil. 
Some experimenters have sought to obtain deep pene- 
tration without excessive superficial action by long 
continued treatment with a capsule wrapped in sheet 
Butcher claims that radium acts best when 
Other 


salts strewn 


rubber 
it is sealed in a very thin platinum capsule. 
experimenters have employed radium 
thinly on metal plates and covered with aluminium 
foil, mica, celluloid, or simply with varnish. 

According to Wichmann, two-thirds of the radiation 
is absorbed by the skin and the rays are absorbed 
far more by diseased than by healthy tissues. Horand 
found that the pigment in negroes’ skins opposes a 
serious obstacle to the radiation 

Cures Effected by Radium In 1903 Goldberg and 
London treated two cases of ulcer (ulcus rodens) with 
radium rays. In the first case the treatment was 
continued two and a half months, in which the actual 
exposure to the radiation aggregated seven hours. The 
uleer was apparently healed and was replaced by a 
cicatrix and new skin, but the subsequent history of 
the case is not known. In the second case the cure 
effected by three months’ treatment and four and a 
half hours’ exposure proved only temporary. A second 
treatment was followed by improvement which con- 
tinued for eighteen months. The disease has since 
been held in check by repeated brief treatments. 

In 1903, also, Exner cured a cancerous growth on 
the lip by six radiations, each continued 15 minutes, 
and a sarcoma by a few radiations of from four to 
twenty-five minutes. Microscopic examination showed 
the gradual replacement of the cancer cells by new 
This change became perceptible in 
In the 
same year Holzknecht cured a case of epithelioma of 
the cheek, and the American physician Cleaves re- 


connective tissue 
a week, and was completed in two months. 


ported striking improvement in sarcoma of the face. 

In the following year many More successes were 
reported. Exner treated three cases of cancer of the 
@sophagus by introducing a bulb containing 60 milli- 
grams of radium, and thus effected considerable en- 
largement of the passage. Goldberg, Heinatz, London 
and others have treated many cases of ulcus rodens, 
with entire or partial success, and analogous results 
have been obtained from the application of radium 
to various forms of cancer. Manby cured a cancer of 
the breast by forty treatments, each of twenty minutes’ 
duration, with the rays emitted by 20 milligrams of 
radium. Morestin recommends the employment of 
radium to complete the cure of sarcoma, after opera- 
tion. Strebel has cured many cancroids on the eyelids 
by the radium treatment. 

The microscopic changes produced by radium rays 
in human cancerous tissue have been studied in Lon- 
don’s laboratory in St. Petersburg. The introduction 
of a tube containing 1 milligram of radium effected 
in six days a complete disappearance of cancerous 
cells through a layer one-eighth to one-fifth inch thick 
around the tube, and a great accumulation of len- 
cocytes, with distension of the capillaries, hyperemia 
and formation’ of connective tissue. 

Radium has been employed by numerous experi- 
menters in the treatment of granular growths, as in 
trachoma. Cohn applied a glass tube, containing 1 
milligram of radium bromide, directly to the granula- 
tion for a few minutes daily, and obtained rapid and 
painless cures in three cases of trachoma. Many 
other cures of trachoma have been reported. 

Lupus is another disease in which radium has been 
employed very successfully, and it has also been found 
very effective in the treatment of moles, warts, eczema 
and psoriasis. In local infections, as in wounds, 
however, radium is of little value. 

Many observers have noted and utilized the power 
of radium rays to allay pain. 

The waters of many springs contain radium emana- 
tion and ordinary water can be made radioactive by 
treatment with uranium residues and in other ways. 
Baths of such natural and artificial emanation-water 
have been found beneficial in rheumatism, gout, neu- 
ralgia and various catarrhal diseases, and it appears 
highly probable that radium emanation is the most 
important constituent of many famous. remedial 
waters. As the emanation is a gas and the skin is 
almost impenetrable to gases, the effects are chiefly 
due to the inhalation of the emanation which rises 
from the bath. 

{Abstracted from Das Radium in der Biologie und 
Vedizin, Leipzig, 1911, Akademische Verlagsgesell- 
schaft m. b. H.] 


Progress in Unwatering the Maine Cofferdam 
By Apert DIAMANT, Havana, Cuba. 

Tue construction of the “Maine” cofferdam, described 
in the Engineering Record of October 22nd 1910, and 
May 20th, 1911, was completed at the beginning of June. 
Careful inspection on the part of the army engineers 
in charge of the work, having satisfied them that 
everything was in readiness for a preliminary unwa- 
tering, preparations were made to commence the pump- 
ing. On June 6th, 4%4 feet of water were pumped out, 
and the day following an additional 1 foot was taken 
out. On June 15th, the day after the arrival of Brig.- 
Gen. W. H. Bixby, chief of engineers, Col. William M. 
Black and Lieut.-Col. M. M. Patrick, 5 feet more were 
pumped out, bringing the gage reading to 10% feet. 
On June 19th additional pumping brought the level 
down to 15 feet. 

As the pumping progresses weep holes are bored into 
each cylinder to allow the water to drain off and thus 
insure a hard, impervious clay. These weep holes 
drain off all of the water that is accumulated by the 
daily rains and also the little amount that seeps 
through the piling. Again some of the piling has been 
driven low to allow the construction of sluice gates, 
and where these gates have not yet been put in place 
the temporary packing allows the water to seep 
through. But, taken all in all, the amount of foreign 
water getting into the cofferdam is very small, and, 
as far as the work is concerned, is practically negligi- 
ble. No serious leaks of any kind have developed to 
date. 

To provide for refilling the dam 5 x 7 foot sluice 
gates are being constructed in sufficient numbers for 
immediate installation. One of these sluiceways is 
now complete and the other in course of construction. 
Should the cofferdam show any signs of weakening or 
should a cyclone put in an appearance water can be 
admitted in sufficient quantities to avert any disaster. 

One 12-inch and one 8-inch suction pump, made by 
the Jeansville Iron Works Company, of Hazleton, Pa., 
are used for pumping dry the cofferdam. Both are on 
floats inside the inclosure. The former can lower the 
water level in the cofferdam at the rate of one foot 
per hour and the latter one foot per 5 hours. 
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As a matter of precaution and to further insure the 
stability of the cofferdam, the clay in the cylinders js 
moved from the inner edge toward the outer. ‘hig 
does not remove any material from the cylinders, but 
by shifting the center of gravity of the puddle out 
from the center of the cylinder the resultant of the 
horizontal thrust of the water and of the weight of the 
puddle is brought nearer to the center of the mi idle 
third at the base of the cylinder. This work of re. 
distributing the load to conform to the redistribution 
of the outside forces is going on now. In addition 
to this the space between the cylinders, inside the cof. 
ferdam, is filled with a clay embankment, and ulti 
mately the slope of this embankment and the slope 
of the clay in the cylinders are to be approxi- 
mately the same and the top practically contin- 
uous. The object of this added clay is to provide, 
partly, @ pressure to take the place of the pumped 
water, and partly to counteract the force tending to 
overturn the cylinders. The toe of this embankment 
will reach almost to the keel of the ship. 

The wreck is full of dirt, reaching as high as 4 feet 
above the main deck, in what used to be the officers’ 
quarters. Most of this is removed with an hydraulic 
jet. There still remains about 15 feet of water to be 
pumped out and then about 15 feet more of harbor 
mud ere the kee] of the ship is reached. This mud 
has the consistency of very soft butter and may be 
handled either with a suction dredge, clam shel! der- 
rick, or both, as the occasion may call for. 

Nothing can be said at present about the method 
to be adopted in floating the wreck. The question now 
is whether the wreck can be floated at all. All of the 
steel is badly corroded. Where the immersed steel] was 
in contact with or close to copper or composition metal] 
the steel has been eaten away; copper and composition 
metal are in good condition. The wood seems to be 
fairly well preserved, except where eaten by the ship 
worm, and no effect seems to have been made on 
rubber. Gaskets are in good condition and rubber 
bands are as elastic as new ones. However conditions 
were found worst near the surface and it is merely 
conjectural to assume the condition of the wreck fur- 
ther down toward the bottom of the harbor. 

General Bixby is highly satisfied with every feature 
of the engineering work and, though thoroughly pre- 
pared, expects no trouble except such as is customary 
and natural in cofferdam work. The work of unwater- 
ing the wreck will go on slowly, to allow ample time 
for observing the behavior of the cylinders and to 
allow the cylinders to adjust themselves to the new 
Capt. H. B. Ferguson has been in immediate 
charge of operations since the work was started in 
the fall of last year. 
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Turbine Locomotive 


A SMALL turbine locomotive fitted with especially de 
signed turbines has been successfully tried at Milan. 
The peculiar feature of the turbine is the use of 
movable blades, which are operated in series. Four 
sets of such blades are used, and at high speed the 
steam strikes the first set of blades only, while at 
intermediate speeds two sets or three sets can come 
into play. The reversing mechanism is a special and 
unique feature of this motor. The rotors have two 
sets of blades which are of opposite curvature. When 
running in one direction the steam passes over the 
blades at the outer circumference from left to right; 
when running in the opposite direction steam passes 
over the other set of blades from right to left. In 
either case the loss of energy due to the blowing 
action of the second set of blades only amounts to a 
small fraction of the total, and the experiments show 
it to be 2 to 3 per cent. It is reported that this 
engine starts well under load both on curves and 
gradients, and that the consumption of steam has not 
exceeded 38 pounds per horse-power hour when run- 
ning in either direction. 





TABLE OF CONTENTS 
PAGE 
1. AFRONAUTICS.-- Aeroplane Stability. - By Arthur Holly Compton. 


EET ee eee a 100 
il. ARCH ZOLOGY.—The Lost Eros of Praxiteles.— Antique Master 
pieces Recovered from Ocean Bed. 5i lustrations. ‘ Ww 
lll. AGRLICULTURE.—The United States Reclamation Service.- 6y 
Bh. OE I kincecs ic cotaceerieninesnvidemei —_— 108 
Substitution of Lumber..............c.eseseeee ses i 
LV. ASTRONOMY.—The Spectroheliograph.—By Frank C. Dennet' 
EE ee ae 10 
Vv. ENGINEERING.—Progress in Unwatering the “‘ Maine” Cofler- 
I ae 
VL. MEDICINE.—The Plague in Mancburia. - 3 illustrations. 10 
Modern Methods of Anwsthesia in Surgery.... . ..... «--+++ 10 
Radium in Biology aud Medicine.—By Dr, E. 8. London.... i 
VIL. PALEONTOLOG Y.—The Paleontologist’s View of Evolution Jus 
VILL. TELEGRAPUY.—Practical Aspects of Printing Telegrapby- e 


111.—By Donald Murray, M.A.........00.0-ccccceencennneneenere 


i 
/ 
: 
1 
i 











veces mmm ee eam aaa eC LL ET 72 7 


gr amen 
ORM aE Ka R RE SoeKE 2 Ai apang ikoce Dily IE PARA Set 





